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PKEFACE. 



The aim of the author, in the present as in the preceding 
volume of this work, has been to present to the reader an 
accurate, useful, and as comprehensive an account as space 
would permit, of the typical and more generally employed 
methods pursued in the extraction of the useful metals 
from their ores ; and to offer such explanations as are 
generally received of the scientific principles upon which 
the several operations are based and metallurgical pheno- 
mena depend, without attempting to enter at any con- 
siderable length upon a description of the multifarious 
technical details of the several processes, or the details of 
their numerous modifications, as required by local circum- 
stances, etc. But for such accounts, as also for the records 
of much original investigation bearing upon the numerous 
principles involved in the range of metallurgical science, 
the author would refer the student to the more elaborate 
treatises upon the subject, and for the study of which, it 
is hoped, the perusal of these volumes may have been 
an advantageous preliminary. 

The subject of assaying, though forming an important 
branch of metallurgical science, does not permit of any 
useful resumi being effected within the space that could be 
devoted to it in the present work, and it has accordingly not 
been touched upon; while, for like reasons, the consideration 
of the d^tailu of the QumerQUS mechanical appliances of every 
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day use in metallui^cal establiBhments, such as engines, fan% 
rolling mills, etc., and which belong more properly to the 
sphere of Applied Mechanics, has been avoided. 

The modem chemical notation, nomenclature, and atomic 
weights introduced in the first volume have been continued 
throughout the present part. 

The author has great pleasure in again acknowledging the 
assistance he has derived from such standard works as those 
of Dr. Percy, of Rivet's Principes GSneraux du Traitement 
des Minerals MStaUiqties, 1872; Kerl's Handbuch der Metal- 
lurgisclien ffuttenkunde; Phillips' Metallurgy of Gold and 
Silver; Plattner's Vorleaungen uber AUgemeine ffuttenkunde; 
various papers distributed throughout the proceedings of the 
different learned societies, and articles in the various scientific 
journals. 

W. H. G. 

Manchsstkr/ April 1S75, 
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CHAPTER L 

COPPER. 

The newly fractured surface of copper is of a pale or salmon- 
red colour, possessed of a silky lustre, and presenting a very 
finely graniilar, or, after hammering, finely fibrous appearance; 
but the presence of small quantities of impurities materially 
influence the colour, lustre, and kind of fracture, as will be 
specially noted when speaking of toughrcahe and dry copper. 
Copper has, when heated and rubbed, a peculiar, somewhat 
disagreeable odour, and possesses a peculiar faint nauseous 
metallic taste. This metal is moderately hard, is elastic, and 
sonorous; it is maUeahle, ductile, and teruicuyua in a high 
degree; in the last-mentioned respect standing below iron, 
but above gold, silver,* etc. Copper can be hammered or 
rolled into thin sheets, or drawn into moderately fine wire; 
but in these operations the metal is hardened, and requires 
frequent annealing or softening during the processes, which 
softening is efiected by heating to redness, and either sub- 
sequently allowing it to cool slowly, or quenching it in cold 
water; the e£fect of heating and sudden cooling thus pro- 
ducing the reverse efiect on copper to that which occurs 
when steel is similarly treated. 

The specific gromty of copper free from cavities is from 
8 '91 to 8'95; but the metal, as cooled after fusion in contact 
with the atmosphere, is more or less vesicular, and ite density 
is accordingly reduced; while by hammering up to a certain 
point its density may be increased; as also by the application 

♦ Vol, L, p. 11. 
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of pressure to the metal while in its fluid state."^ As a con- 
ductor of heat and electricity, it is possessed of great power, 
ranking next to silver; but its electrical conductivity is mateii- 
ally impaired by the presence of only small proportions of im- 
^ purities, especially of red oxide of copper (CugO), of arsenic, 
or of phosphorus. The specific heat of copper is '09515, be- 
tween 0® and 100°C., and its linea/r dilatation, according to 
Troughton, is -00001918 for TC. Copper melts at a tem- 
perature of about 1091°C. (1996® F.), or above the fusing 
point of sHver (1000°C.), and below that of gold (1200^0.). 
It expands on solidification, and is not sensibly volatilised at 
ordinary furnace temperatures, but may be volatilised before 
the oxyhydrogen blowpipe : if heated to a temperature just 
below its melting point, it becomes brittle and coarsely fibrous 
on fracture. When cast in an open mould, the surface of the 
cast ingot does not present any sensible longitudinal ridge or 
furrow on its upper surface, like that presented by an ingot of 
overpoled or uriderpoled copper respectively. Copper crystal- 
lises in the regular system as* cubes, octahedia, rhombic 
dodecahedrons, etc. 

At ordinary temperatures this metal is not altered by ex- 
posure to dry air, but at a red heat it oxidises rapidly: while 
at ordinary tempemtures in moist air, in the pr^4 of car- 
bonic anhydride, it becomes rapidly coated with a green layer 
or scale of carbonate of copper " verdigris." At a high tem- 
perature, copper decomposes the vapour of water. Cold hydro- 
chloric acid is without action upon this metal; but, when boiled 
with it, hydrogen is evolved, and cuprous chloride (CugClg) 
remains in solution. Copper assumes the passive condition 
when immersed in very strong nitric acid (specific gravity 
1*52); but on slight dilution a violent reaction is set up 
with evolution of nitric oxide (8HNO3 + 3Cu = 3(Cu2N03) 
+ 4 HgO + NgOg). Dilute or strong sulphuric acid is with- 
out action upon the metal at ordinary temperatures; but on 
the application of heat, sulphurous anhydride (SOg) is evolved, 
and cupric sulphate, with a little free sulphur and cuprous 

* In an experiment made by the author, a specimen of best selected 
copper, cast as an ingot in an open mould, indicated a specific gravity 
of 8*835, while a sample of the sacme metal, melted and subjected to 
pressure while in its fluid state, had a specific gravity of 8*876. 



tJOHMERCIAL COPPER. ll 

milphide, xeniain in the apparatus. Iron, either as wrought 
or cast-iron, precipitates metallic copper from its solutions, but 
the action of cast-iron is more slow than that of wrought 
iron. Copper in its molten state can dissolve and retain on 
solidification a certain amount of the red oxide (CugO); and 
pigs of metal thus holding cuprous oxide in solution present 
a UmgiMidiwd furrow or depression along their upper surface, 
while the metal, known then as dry copper y breaks of a purplish 
red colour, duller in lustre and void of the fibrous structure 
evidenced in pure copper, while its malleability is much im- 
paired, both in the hot and cold state. The chemical symbol 
of copper is Cu, and its atomic weight 63*5. 

1. Impurities in Commercial Copper. — The usual im- 
parities occurring in the copper of commerce are iron^ arsenic^ 
and Sliver, in small quantities almost invariably; bismuth 
very frequently, except in Bussian and Australian speci- 
mens; tin, antimony, and sulphu/r occasionally, and lead 
almost invariably in i^eet or bolt copper, but not in cake 
copper, with nickel, cohdU, and gold less frequently. The 
variety known in commerce as best selected, is very nearly 
pure; while tile copper and toughrcake usually contain traces 
of arsenic, iron, sulphur, tin, nickel, etc. 

The effect of iron is to render the copper harder and paler 
in colour; sulphv/r and a/nliTnony likewise harden copper, 
make it greyer in colour, and impair its malleability and 
tenacity. Copper containing 10 oz. of antimony per ton is 
stated by Dr. Miller to be quite imfit for iise in the prepara- 
tion of brass intended for rolling. Arsenic in small quantities 
hardens )Jie metal, but does not impair its malleability to 
the same extent as antimony; while the presence of bismuth 
deteriorates the toughness of the metal, and produces a red- 
short copper. Bed oxide of copper (CugO) renders the metal 
both red and cold-short. Small quantities of lead are occa- 
sionally added to copper intended for rolling, but the addition 
of only small quantities (1 to 2 per cent.) of this metal 
renders copper unfit for the manufacture of brass plate and wire. 

2. Varieties of Commercial Copper. — Cement copper is 
the name applied to the almost chemically pure variety of 
copper obtained by the precipitation process as conducted at 
Anglesea^ Hungary^ etc.; described under *' Copper Smelting." 
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Bosette and Japan Copper are oommercial varieties 6{ 
copper, the surface of which presents a peculiar red colour, 
due to a coating of oxide of copper formed by throwing water 
upon the surface of the metal while still in a heated state. 
The first variety produced at Chessj in France, in the Hartz, 
in Sweden, China, etc., is obtained in thin plates or discs, by 
projecting water upon the surface of the cake of fluid metal, 
and removing the crust so formed as quickly as solidified, pro- 
ceeding thus until the whole of the copper is removed in the 
form of thin discs, which are then immersed in water as quickly 
as possible to prevent their further oxidation. This variety 
contains a considerable amoimt of the red oxide of copper 
(OU2O), and has a dull red-short fracture; it requires refining 
before it can be hammered or rolled. The Japanese variety, 
instead of forming discs, occurs as small ingots, each weighing 
about 6 oz., and strongly coloured of a purplish-red tint by 
throwing them into water as quickly as solidified. It is made 
for exportation to the East Indies. 

Bean-shot and Feathered-shot copper are varieties ob- 
tained in the form of small globules and flakes respectively, 
convenient for the brass-founders' use, and prepared by run- 
ning the melted copper through a perforated ladle into hofc 
water for the production of bean-shot; or into cold water if 
feathered-shot be desired. 

Commercial copper possessing its most perfect malleability 
is called tough-pitch copper or tough-cake, since in this state 
it is cast into flat rectangular cakes or slabs convenient for 
rolling or hammering into sheets; such cakes weighing about 
140 lbs., and measuring about 19 in. by 12^ in., and If in. 
in thickness. 

'^ Best seleoted" is the name applied to the purer varieties 
of commercial copper, as required in the manufacture of brass 
for sheets and wire, such metal being especially freed from 
tin, arsenic, iron, and sulphur. The special modification in 
the smelting operations for its production are described on 
page i44; and in one modification of the selecting process, 
the impurities above noted are concentrated in the lower 
portions of the selected pigs; when the less pure copper, 
prepared from these detached lower portions, is known in 
the market as, *' bottoms" or when cast in tile-shaped pigs 
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of the same size as tough-cake, though usually only about 
^ inch in thickness, as " tile copper" 

Bussian Copper generally contains traces of iron, but 
in other respects is exceedingly pure. The native metal 
occurring in the neighbourhood of Lake Stiperior is usually 
very free from impurity, but occasional specimens yield 
•0003 per cent, of silver. 

ChUicm copper, as imported into this country, occurs in 
the form of bars, weighing about 200 lbs. each, having a 
composition analogous to the Welsh " pimple " or " blister 
copper," and which accordingly requires to be refined, or 
may be both roasted and refined before it is ready for the 
market. 

8. Copper and Oxygen. — The combinations of copper 
and oxygen of metallurgical importance are cuprous oxide, 
known also as the suboxide or dioxide of copper (CugO), 
and cupric or protoxide of copper (OuO), both of which are 
reduced to the metallic state by heating to redness with car- 
bon or carbonaceous matters, hydrogen, carbonic oxide, or 
metaUic iron. 

Cwprous oxide (CugO) constitutes the dark-grey or black- 
looking scale, formed when sheet copper is heated to redness 
in contact with the air, as in the annealing of plates during 
the process of rolling sheet copper; or the same oxide results 
when copper and cupric oxide (CuO) are heated together. 
As prepared by these methods, and obtained in thin laminae, 
it transmits a ruby-red light, and melts at a temperature 
somewhat below whiteness; but as prepared by more purely 
chemical methods, as an ingredient for communicating a ruby- 
red colour to glass, it occurs finely divided, and of a purer 
crimson colour. This oxide is soluble in an excess of hydro- 
chloric acid with the formation of cuprous chloride, which 
latter is decomposed by water, sulphuric, phosphoric, or acetic 
acids, with the formation of cupric salts and the precipitation 
of metallic copper. Cuprous oxide occurs native as copper 
bloom, etc., as will be noted under copper ores, etc. Silicates 
of this oxide may be obtained by heating cupric oxide (CuO) 
and fine sand, with sufficient metallic copper to reduce the 
cupric to cuprous oxide. Cuprous oxide (CugO), heated with 
fprrous sulphide and silica in certain proportions, yields iw 
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slag of ferrous silicate, whilst the copper is sepamted aa 
sulphide; thus — 

2Cu,0+2FeS + SiOB=2FeO, SiOa+2CuaS. 

or in the old notation, 

3Cu,0+3FeS+Si08=3FeO, SiOa+SCujS. 

CupHc oxide (CuO) is produced when the last oxide is 
reduced to powder and heated to redness in a muffle or other 
oxidising atmosphere; but in the massive form, cupirous 
oxide ifl not sensibly raised in oxidation by this treatment 
Cupric or black oxide of copper, when heated to near the 
melting point of copper, liberates oxygen, and a mixture of 
cuprous and cupric oxide remains behind. If silica be 
heated with this oxide, Dr. Percy states that oxygen is liber- 
ated, and a silicate of the red or cuprous oxide is obtained. 

Both oxides combiue readily with boracic acid with the 
production of readily fusible borates. 

4. Copper and Sulphur. — ^These elements have strong 
affinities for each other, simple trituration of the two, when 
in a finely divided state, sufficing to effect their combination; 
copper bums in the vapour of svdphur, and when copper and 
sulphur are heated to redness combination ensues, with incan- 
descence of the mass, and the production of a black or lead- 
grey, compact, readily fusible, semi-metallic looking body, 
constituting cuprous sulphide (OugS). There are six com- 
pounds of copper and sulphur tabulated, but only cuprous 
and cupric sulphides are of any metallurgical importance; the 
former constitutes the minerals Copper-glance and Bedruthite, 
while the latter occurs native as Lidigo copper. 

Ciipr(yu8 sulphide (CugS), called also disulphide of copper, 
when heated out of contact with the air, does not suffer decom- 
position; but with access of air, combustion of the sulphide 
ensues, with the evolution of sulphurous anhydride (SOg) 
and the production of cupric oxide; or, if the temperature 
attained be insufficient to decompose any cupric sulphate that 
is formed, then the residue will consist of a mixture of the 
latter with cuprous and cupric oxides and cuprous sulphide. 
Heated to redness in a current of aqueous vapour and but 
little decomposition ensues; but if the temperature be raised, 
sulphuretted hydrogen escapes and cuprous oxide (Cu^O) 
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remains; and at a white heat the copper is reduced to the 
metallie state, with the escape of hydrogen, sulphuretted 
hydrogen, and sublimed sulphur (Kegnault). Cuprous sul- 
phide is imperfectly decomposed by heating with metalHc 
iron, with the production of copper containing iron and a 
double sulphide or regulus of copper and iron. This sul- 
phide, heated with the proper proportions of cupric oxide, or 
of cuprous oxide, cupric oxide, and cupric sulphate, yields 
sulphurous anhydride and metallic copper, or these bodies, 
along with cuprous oxide (CugO) and sulphide, according as 
the oyjrgen or sulphur is in excess in the mixture. There is 
but lirtle reaction when disulphide of copper is heated in a 
current of hydrogen; but it suffers partial reduction when 
heated to a high temperature with charcoal, lead, or zinc; or 
on fusion with carbonate of soda and charcoal, or with char- 
coal and barjrta or lime. Cuprous sidphide is soluble only 
with difficulty in boiling hydrochloric acid. 

Svlphate of copper or cupric aulpJiate (CuSO^ + SHgO), 
called als© ^ blue vitriol," is obtained when copper pyrites is 
roasted with free access of air, or when copper scale is dis- 
solved in sulphuric acid. This salt is held in solution by 
the water flowing through many copper mines, from which 
waters the copper is frequently extracted by the method of 
precipitation with iron. When heated to redness, this salt 
loses its water of crystallization, with the production of a 
white powder, whilst at a higher temperature it suffers de- 
composition, leaving a residue of oxide of copper. 

6. Copper and Carbon. — Copper does not appear to form 
any definite compound with carbon, but if onlinary com- 
mercial copper be melted under charcoal and then recast, it is 
found to have acquired the qualities of ovBrpoled copper, i.e,y 
it is brittle at a red heat, or no longer capable of being rolled 
into thin sheets; "best selected" or electrotype copper does 
not however suffer by this treatment, and Percy considers it 
probable that the effect is not due therefore to any combination 
with carbon, but that ordinary copper retains in its composi- 
tion a certain amount of the red oxide (CugO), which acts as an 
antidote or corrective to the other impurities, and is essential 
to the malleability of commercial copper; while by treatment 
with carbonaceous matters, the oxide is reduced to the 
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metallic state and brittleness of the product ensues; whereas 
in pure copper, as the electro-deposited metal, cuprous oxide 
and the other impurities do not exist, and its fusion under 
charcoal is not attended with the same result. The effect of 
fusing commercial copper under carbonaceous matters is the 
same as overpoling in the refining of copper, while an excess 
of cuprous oxide in the metal corresponds to the underpoled 
condition of copper. 

6. Copper and Phosphorus. — These elements combine 
directly under the influence of heat, or by heating copper 
with bone-earth and charcoal. By introducing pieces of 
phosphorus into melted copper, about 11 per cent, of the 
former may be combined with the copper, when the product is 
grey or approaching to whiteness in colour, is very hard and 
brittle at ordinary temperatures; but, with smaller quantities 
of phosphorus, the hardness and fusibility of the copper are 
increased, the metal casts more soundly, contracts on 
solidification, and resists the action of sea water better than 
ordinary copper, from which quality it has been proposed as 
a material for ships' sheathing; this phosphorised copper 
may be rolled cold, but is brittle when hot, even when con- 
taining only -5 per cent of phosphorus. 

7. Copper and Silicon. — ^A combination of these elements 
results when potassic silico - fluoride, sodium, and copper 
turnings are melted together. The effect of silicon, however, 
is to increase the hardness and impair the malleability of the 
metal. With about 4*5 per cent, of silicon, the compound has 
a bronze colour; while with 12 per cent, of this element the 
resulting body is white in colour and very hard. 

Silicates of copper occur native as the mineral chrysocoUa^ 
occurring along with other copper ores in Cornwall, Hungary, 
Norway, etc. 

8. Alloys of Copper. — Copper unites easily with most other 
metals, and forms the basis of a lai^ number of important 
alloys; with zinc it forms the varieties of hraaSy tombaCf 
Muntz^s metal, Mosaic gold, pinchbeck, Ma/nheim gold, princess 
metal, described in the chapter «n Zinc; with tin it forms 
the alloys known as bronze, gun and hdl metal, described in, 
Parti. 

Copper and a/raenic yield an alloy of almost silver whito- 
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nesSy sometimes used for dial-plates, scales, etc., wMle copper 
and tin, in the proportion of about 64 parts of the former 
to 32 of the latter, with a small proportion of arsenic, yield 
speculum metal; and, alloyed witH gold and silver, copper 
enters into the composition of the gold and silver coinage of 
this and other countries. The British silver coinage, con- 
sisting of 925 parts of silver with 75 of copper; the French, 
of 900 parts of silver to 100 parts of copper; while the 
Prussian and Crerman coinage are much poorer in the noble 
metals. Our gold coinage consists of 916*6 parts of gold with 
83*4 of copper; the effect of copper in this quantity is to 
harden the gold and silver without materially affecting their 
colour or malleability; but with larger quantities of copper 
the gold becomes more or less brittle. 

Aii alloy of 9 parts of copper with 1 of (duminum, known 
as " alumiaum bronze," is used in the manufacture of orna- 
mental articles in imitation of gold. The alloy is not so 
heavy, but is harder than gold, and though not rapidly acted 
upon by the atmosphere, yet it does, after a lengthened 
exposure, become sensibly tarnished. 

Copper and manganese yield alloys having the appearance 
and general characters of German silver (Dr. Percy),* The 
alloys of these two metals, containing from 5 to 30 per cent, 
of manganese, are described as malleable and ductile, while 
possessing considerable tenacity; f can be rolled readily and 
are highly elastic in the cold, but become brittle when 
heated. When zinc is added to this alloy, it possesses many 
of the qualities of German silver, it can be rolled when 
heated, but it is wanting in many of the best qualities of the 
last-mentioned alloy. , 

German silver is an alloy of copper, zinc, and nickel, 
described in Chapter VII. of the present volume. 

9. Phosphor Bronze. — By the addition of 5 parts of 
phosphorua to 1000 of copper, the hardness and tenacity of 
the metal are increased, while the presence of phosphorus in 
larger proportions renders the metal brittle, p. 16. It further 
increases its fusibility, and the phosphorised copper also casts 
sounder, that is, freer from air-holes than does pure copper. 

• Chem. News, xxvii., 249. 

t Proceedings of tl^e jSritish Associatio]i, 1870* 

19— n B 
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While the presence of Ttwrvute proportions, almost traces, of 
phosphorus in the alloy of copper and tin, known as bronze, 
is attended with the production of a body known as ^^ phos- 
phor bronze" for which the inventors claim many important 
and remarkable chemical and mechanical qualities.^ Bronze 
thus combined with an exceedingly small proportion of phos- 
phorus, the exact proportion being stated to vary with the 
proportion of tin contained in the alloy, is somewhat paler 
in colour than the ordinary bronze. It can be rolled and 
hammered into thin sheets with great ease, is possessed of 
considerable tenacity, specimens submitted for testing having 
withstood a tensile strain greatly in excess of that afforded 
by copper or bronze, and ranging as high as 74,966 lbs., or 
over 33 tons per square inch, thus attaining to the strength 
of mild steel; while after wire-drawing, the above figures 
have been much exceeded. The density and elasticity of the 
bronze are also considerably increased by the addition; while 
the phosphor bronze, when melted, has considerable fluidity, 
filling the smaller details of moulds perfectly, and yielding 
Tery clean castings. Ite powers to resist atmospheric oxida- 
tion, or corrosion from the action of sea water, are stated to be 
much superior to bronze; and it is further stated that it is 
capable of withstanding considerable wear and tear while 
exposed to the action of high pressure steam. 

The application of phosphor bronze, as a material for the 
construction of twyers, has been already noted imder •'iron;'* 
and the patentees claim for it very superior merit over cast- 
iron, etc., for the construction of wheels and pinions in roll- 
ing mills, etc., which are subject to sudden and violent 
shocks. It has likewise been proposed as a material for the 
construction of ordnance, etc. 

The process for the preparation of phosphor bronze, which 
has been invented by Messrs. Montefiore and Ktinzel, is kept 
secret, though it is understood that they first prepare a rich 
compound of phosphorus and tin,t which is then employed 
for addition to the copper, instead of adding the phosphorus 
directly to the bulk of the copper and tin. 

It has been proposed that the production of such material 

* Journal of the Iron and Steel Institute. 1873. Part II. 

t Engineer, Feb. 1872. 



OBES OF COPPER. il9 

I 

Tesnlts, lay the presence of almost infinitesimal proportions 
of phosphorus, may be due to the superior affinity of the 
latter for oxygen, whereby it promotes a more intimate 
xmion between the particles of copper and tin in the bronze, 
by preventing the oxidation of the tin, which otherwise 
always occurs during the melting of the alloy; while that, if 
a greater proportion of phosphorus be added than is required 
for this purpose, its effect is to still further and unduly harden 
the alloy for all but special applications. 

10. Ores of Copper. — Copper occurs very abundantly, and 
in a variety of forms; but many minerals containing it are much 
too poor in copper to allow of its profitable extraction, or do 
not occur in sufficient abundance to permit of their classifi- 
cation as ores of copper, and such accordingly will not be 
noted in this place. The ores of copper occur in rocks of 
almost all ages, but most abundantly in the Lias and Permian 
formations, the lodes of Cornwall occurring in Permian and 
older rockfe, and the ores are most frequently accompanied by 
iron pyrites and quartz, while in some Cornish miues 3^2*or spar 
occurs largely. Thib metal occurs in the native or metallic 
state, also as oxide, svJpkide, carbonate, chloride, sulpliate, 
phosphate, and silicate, etc., of copper. 

Native copper is found in isolated masses, sometimes of 
oonsiderable size, in thin laminse, or in filiform pieces, and 
the copper samd, or barilla occurring in Chili, consists of 
metallic copper in small grains, mixed with quartz; occa- 
sionally a mass of copper ore will consist of carbonate of 
copper on the outside, enveloping an inner layer of red oxide, 
itself enclosing an inner nucleus of metallic copper. Native 
copper is ductile, malleable, and exceedingly tough: it is 
usually very pure, but is often accompanied by small quan- 
tities of silver; in Chilian varieties the latter occasionally 
amounting to 7 or 8 per cent, of the metal. The chief 
localities of its occurrence in quantity are the United States, 
near Lake Superior, Brazil, Chili, Peru, Siberia, Faroe Isles, 
in some of the Cornish mines, near Bedruth, also in North 
Wales, and in smaller quantities not unfrequently along 
with other copper ores in the various localities of their 
occurrence. :, 

The red oxide or cuprite (CugO) contains, when pure, 88*78 
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per cent, of copper, and is found massive or granular; fre- 
quently iron-grey on the surface, but always affording its 
characteristic redish-brown streak. It occurs at Huel Gor- 
land and other Cornish mines, in New Jersey and the district 
of Lake Superior, in South America, but most abundantly 
in Australia. 

The black oxide (CuO) contains, when pure, 79*8 per cent, 
of copper, but it is frequently very impure. It occurs in 
Lake Superior, in Saxony, Chili, and at the Burnt Burra 
mines of Australia. 

Green carbonate of copper or Mcdachite (CuCO- + CuOjHjO) 
contains 57 per cent, of copper, and is distinguished by its fine 
emerald-green colour, with a lustre inclining to resinous, and 
a streak of a somewhat paler tint than the mineral in the 
mass. It occurs massive in the Ural mountains, in South 
Australia, Siberia, the United States, and South America, 
and incrusting other ores in most copper mines. 

Azurite, Chesaylite, or blue carbonate of copper (2CUCO3 + 
CuO,H20), contains 65*1 6 per cent, of copper, and occurs 
along with the green carbonate of copper in Australia, as 
also in Cornwall, Chessy in France, and in the United States. 

Copp&r pyrites, or yellow copper ore (CugS, FogSg), forms the 
ore from which about five- sixths of the copper produced in 
Great Britain is obtained, its formula shows it to contain, if 
pure, 34*81 per cent, of copper; but its average yield as pre- 
pared for sale is only from 4 to 12 per cent., or usually 7 to 
8 per cent, of copper. This ore is of a brass-yellow colour, 
distinguished from iron pyrites, which it resembles, by its 
inferior hardness; it is found associated with quartz, gneiss, 
and clay-slate, and occurs in large quantities in Cornwall 
and Devon, accompanied by grey copper ore, galena, blendes, 
copper glance, tin stone, etc.; it occurs also in Sweden, 
Saxony, Cuba, South America, the United States, Australia, 
and elsewhere. 

Vit/reous or grey svlphide of copper, Copper-gja/nce or Red^ 
ruthite (OugS), and purple copper, are sulphides of copper 
occurring largely in Cornwall and elsewhere, associated with 
heematite iron ores, and containing variable proportions of 
sulphide of iron: a variety of the purple oro occurs in the 
cupriferous shale of Mansfeld, in Saxony, 
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Grey copper ore^fahlerz, or fahlrorej is a steel-grey or iron- 
black, brittle mineral, occurring both massive and crystallised 
in cubic forms. It is a cuprous sulphide, in which the copper 
is replaced more or less by iron, zinc, silver, and mercury, 
along with variable proportions of the sulphides of antimony 
and arsenia The argentiferous fahl-ore contains occasionally 
30 per cent, of silver, and not more than 15 per cent, of 
copper; whilst others contain as much as 48 per cent, of 
copper, with but small proportions of silver. Gold is also 
sometimes a constituent of this ore. Fahl-ore occurs in Corn- 
wall, Norway, Sweden, Saxony, Hungary, the Hartz, Mexico, 
etc 

ChrysocoUa, a hydrated silicate of copper; and Ataccumte, 
a hydrated oxychloride of copper, are sometimes employed 
for the extraction of the metal. The former occurs accom- 
panying other copper ores in Cornwall, Saxony, Nova Scotia, 
Chili, Australia, and Lake Superior; and the latter is also 
found in Chili, Australia, Saxony, etc. 

The ores imported to Swansea from Cuba are known as 
Cohre ores, 

Cvprw aulphcUe occurs in considerable proportion in the 
waters issuing from certain copper mines, as those of Amlwch, 
Wicklow, the Rio Tinto, and Tharsis mines of Spain, etc. 

11. Ticketing and Standard. — ^The ore, after dressing by 
the miner, is sold to the smelter, at a sale or meeting known 
as a ticketing, prior to which meeting the smelter receives a 
sample of the various ores for assay, and according to the 
produce or yield of the ore, he determines upon the price he 
will give for it; and at the periodical meeting for their sale, 
the smelters each deposit a slip of paper containing the price 
per ton of 21 cwt. which he offers, when the highest offer 
thus made obtains the lot, or parcel, as it is called. The 
standard is the price per ton of the metal as calculated 
from this ticketing or purchase, estimated by adding to 
the price given per ton for the copper (as indicated by 
the assay of the ore), the cost of transport from the mine to 
the smelting works, together with a fixed sum representing 
the cost per ton of smelting an ore of the given prodiice. 
But the term obviously serves only as a comparison of the 
relative value of copper in the ore at different periods. 
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COPPER SMELTING. 

The processes of copper smelting, and the fdmaces em- 
ployed, vary very much with the nature of the ore, and 
the facilities of the locality for supplying coal and fire-clay, 
etc., for the construction of the furnaces. Thus, for the 
reduction of carbonates and oxides of copper occurring in a 
gangue of clay, and notable by the absence of sulphides, the 
ores are smelted by simple treatment with coke and a flux 
of lime; while ores like the last, but containing copper pyrites 
in addition, are smelted in the Ural districts in blast furnaces 
using wood as the fuel, when the product is an impure metal 
known as black copper, requiring further purification. But 
by far the most important process of copper smelting is that 
practised at Swansea, and known as the Welsh process, 
in which reverberatory furnaces are wholly employed. 

The methods employed for the reduction or smelting of 
copper may thus be placed under two classes: (1) Smelting 
or reduction in the dry way, which includes the English 
method of smelting in reverberatory furnaces, and the Con- 
tinental method of smelting in blast furnaces; and (2) the 
extraction of copper in the wet way, in which cuprous solu- 
tions are decomposed by iron with the precipitation of 
metallic copper; or if sulphides be the subject of treatment, 
they are first converted into sulphates or chlorides, and these 
compounds subsequently decomposed by iron, calcic sulphide, 
or lime. 

SMELTINa IN REVERBERATORY FURNACES; OR "WELSH 
process" op copper SMELTING. 

The ore smelted in the "Welsh method is chiefly copper 
pyrites, but other and richer ores, consisting of cuprous 
oxides and carbonates with native copper, etc., are im- 
ported for mixing with these, and for introduction at 
various stages of the process; and upon the mixture of ores 
employed depends the number of operations involved in 
the process. As conducted with the minimum number of 
operations, it consists from the first calcination to the re- 
fining of six distinct operations; but this can only be effected 
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wlien oreSy consisting of carbonate and oxide of copper, as 
.Australian ores, are available for introduction into the 
furnace charge at the proper stages. 

The smelting charge, consisting of copper pyrites with oxides 
and carbonates of copper, and a gangue essentially silicious, 
is mixed so as to obtain a mixture yielding from 8 to 13 
per cent, of copper; for if poorer than this lower figure, the 
mixture is improfitably poor from the large proportion of fuel 
required per ton of copper produced; aud if above the ^igher, 
a loss of copper occurs in the slags. The gangue of the mix- 
ture should also be so regulated as to fuse readily, while yet 
yielding a slag free from copper; or, in other words, the pro- 
portions of lime, feiTOus oxide, and silicious matters present, 
should be apportioned so as to afford the desired fusibility. 

If the ore consist entirely of sulphides, then the smelting 
will involve eight, ten, or even twelve operations, consisting 
of alternate calcinations and ftmonSf during which arsenic, 
sulphur, and volatile matters are more or less completely 
expelled in the various calcinations, and the iron partially 
eliminated at each fusion in combination with silica, con- 
stituting the slag; and thereby the copper becomes more 
concentrated in each succeeding regulus or matt derived 
from the successive fusions. 

The Welsh process, as conducted in six stages, involves the 
following operations — 

1. Calcination of the ore with access of air, whereby 
arsenic and volatile matters, as carbonic acid, water, and 
fluorine compounds, are expelled, as also a portion of the 
sulphur, in the form of sulphurous anhydride (SOj), while 
the iron is oxidized, so that, in addition to earthy matters, 
the calcined product contains iron, copper, silicon, oxygen, 
and sulphur, which are the chief elements concerned in the 
succeeding stages. 

2. Ftmony or melting of the last product with "metal 
slag," the product of the fourth operation; and sometimes an 
addition is made of small quantities of ores, as oxides and 
carbonates along with fluor-spar. The products are a regulus 
which is granulated by tapping out into water, or is cast 
into pigs, and subsequently crushed between rollers, and 
known as *' granulated or crushed coarse-metal/' containing 



from 30 to 35 per cent of metallic copper; and ''ore-fumacd 
slag/' whicb should not contain more than 1 per cent, of 
copper, when it is nsoally thrown away. 

3. Calcination of the " granuLited coarse-metal," by which 
a further portion of the sulphur escapes as sulphurous anhy- 
dride and sulphuric acid. The product consisting essentially 
of cuprous sulphide, oxide of iron, and unchanged ferrous 
sulphide, is known as " calcined coarse-metaL" 

4. The product of the last operation is melted with roaster 
and refinery alags, along with oxidized ores as oxide and car- 
bonate of copper, whereby a reaction ensues between the oxi- 
dized compounds of copper and the ferrous sulphide, by which 
the iron is converted into oxide, which combining with 
silica is removed as " metal slag," this latter containing also 
about 2 per cent, of copper; whilst thie bulk of the copper is 
concentrated in a rich regulus or matt, varying in its physical 
qualities, but consisting essentially of sulphide of copper, and 
containing from 75 per cent, to 80 per cent, of copper, con- 
stituting white, hluCy Jine or pimple metal, according as the 
addition of oxidized bodies was st^fflcient, insufficient, or in 
excess of that required for the oxidation of the iron present 
in the coarse-metal. 

5. In this the roasting process, the pigs oi fine metal from 
the last stage are again calcined at a temperature below the 
melting point of l^e metal, by which treatment oxides of 
copper and iron are produced; upon which the mass is melted 
and a vigorous reaction ensues between the sulphide and oxide 
of copper, whereby metallic copper is separated, sulphurous 
anhydride escapes, and at the same time the antimony, 
arsenic, iron, silicon, cobalt, nickel, etc., are largely removed 
either as volatile compounds or as silicates in the slag. The 
products of this operation are " blister copper," containing 
about 95 per cent, of metallic copper and " roaster slag," rich 
in oxide of copper. 

6. The last or refining operation involves two stages : the 
first has for its object the removal of any residue of sulphur 
and foreign metals from " blister copper " by the action of 
atmospheric air and the silicious matters of the furnace, with 
the production of dry copper and refinery slag, rich in copper; 
and the second stage, or toughening of the dry copper, consti- 



tutes tke operation known as poling^ when tlie product is 
Umghrcake or tough pitch copper. 

As already noted, if a sufficient supply of oxidized com- 
pounds of copper are not at command, as required for the 
above cycle of operations, then one or more calcination and 
fusion intervenes between the fourth and fifth operation 
above noted. 

The metaZ and ore-furnace slag, if they contain shots of 
regtdtiSy are remelted for the separation of the metallic por- 
tion, and the regulus so obtained is added with the charges 
in the previous list of operations; but such smelting is not 
added in the general role, since it is only accessary and 
occasional, and is not performed upon iJie concentrated 
metalliferous product of a previous stage. 

12. Calcination. — ^This process is conducted in large re- 
verberatory furnaces, called "calciners." These have very low 
roofs, and are built in sizes to calcine from 3 to 7 tons of 
ore at each charge, while the parts which are exposed to the 
heat are built of fire-brick. In the accompanying figures of 
a ccUciner, calculated to roast from 3 to 3| tons of ore, the 
bed, formed of fire-bricks set in fire-clay, is from 16 to 20 
feet in length, and from 12 to 14 feet in width; but in the 
larger furnaces the length is increased. The roof of the 
furnace (according to its size), has' one, two, or three openings 
b h, for the introduction of the charge of ore, which has been 
previously broken into pieces of about the size of nuts. The 
openings b b are closed by fire-brick tiles during the working 
of the furnace, and over each aperture is suspended in an iron 
frame a hopper or bin c c, into which the charge is wheeled 
in barrows and subsequently allowed to fall on to the bed, the 
workman spreading it imiformly by the use of a stirring rabble 
inserted through the side or working doors e e, the triangular 
projections d d serving to prevent the ore from lodging incon- 
veniently between the doors e e. In the bed of the furnace 
and in front of each door is a vertical opening k k, closed by 
a tile during the working of the calciner, but through which 
the calcined charge is raked at the close of the operation 
into the arched vault m below the furnace bed; which latter 
communicates with flues connected with the stack of the 
furnace^ whereby any sulphurous or other noxious vapours 
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that may continue to be erolTed dtuing the cooling of the 
mass are conveyed away. The fireplace y, situated at one end 
of the calciner, is Bepamtod &om the bed A by the fire- 
bridge g; aod at the oppodta end of the bed are flues A A 
whidi cany the vapoura and products of confbustion from 



Fig. 1. — Ybbtioai. SscnOK o> Obb-oilqihiho Fdskacb. 
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the furnace into a nearly horizontal flue n, into which a range 
of calciners deHver their gaseous products, and which, 
after traversing some distance, opens into a high stack. 
In the calciner, fig. 1, the fire-bridge is shown as built with 
an arch or curtain, reaching across, and projecting for a 
short distance over the bed of the furnace, serving thereby 
to prevent the ore near the bridge from being too strongly 
heated, and clotting or fusing into one mass. The fire-bars 
are of the ordinary description, resting on bearers, but 
are covered during the operation of calcination with a layer 
of clinker to prevent their otherwise rapid corrosion, pro- 
duced by the intense heat generated in the combustion of the 
anthracite coal which is employed in Wales. The fire-grate is 
also rather deep, thereby holding a considerable charge of fuel, 
consisting of anthracite coal mixed with about one-fourth of 
its weight of bituminous coal, the latter being requisite to 
enable the anthracite to cake together, and yet retain the 
porosity necessary for its combustion; and also from the 
depth of fuel on the grate, the air in ascending from the bars 
through the mass of heated fuel, has its oxygen converted 
into carbonic oxide, which gas is then burnt on the bed of the 
furnace by the excess of air introduced through the opening 
8 near the fire-bridge and other openings in the side doors of 
the furnace, thereby producing a long flame over the bed of 
the calciner, while maintaining a strongly oxidizing atmo- 
sphere above the heated ore in the chamber. 

Fig. 3 is the plan of the bed of a calciner slightly difierent 
to the last, inasmuch as there is a passage p built through 
the fire-bridge, which communicates with the interior of the 
furnace by the openings a a a, which passage thus serves to 
cool the fibre-bridge, and to supply a current of heated air for 
the combustion of the gases and oxidation of the ore. This 
plan is known as '* Shefi&eld's " plan, from the name of its 
inventor. The bed also differs in having circular instead of 
triangular projections between the working doors of the 
calciner. 

Calciners heated by gas, and provided with Siemens' re- 
generators, have been introduced into the Lancashire copper 
works with reported success. 

In conducting the calcination, the charge of ore already 
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'Warmed by Buspenflioii in &e hoppers above the roof of the 
heated furnace, is allowed to fall on to the heated bed of iho 
calciner, and ia then spread in a thin layer over its surface. The 
temperature is now gradually raised, and the ore stirred or 
moved about from time to time, care being taken that the 
temperature does not rise sufficiently high to fuse or clot 
the ore, of which there ia the greater tendency in the earlier 
Bt^es of the caldnation. By thus heating the ore in an 
oxidizing atmosphere, about one-half of the sulphur along 
vHh arsenic and a portion of the iron contained in the oro 
are oxidized, with the production of sulphurous anhydride 
(SOj) and sulphates, arsenious anhydride or acid (As^Oj), 
and oxide of iron, respectirely; the sulphurous and arseni- 
ouB anhydride, aJong with anialler quantities of anhydrous 
sulphuric add produced by tie decomposition of the eul- 
pbates formed in the earlier stages, escaping along with the 
gaseous jjroduots of combustion into the flue, and so to the 
stack. The calcination ia completed in from twelve to twenty- 
four houre, when the product, which ia of a brownish-black 
colour, is raked into the vaults beneath the furnace bed, 
where it is cooled by throwing water upon it. The calcined 
ore contains cuprous sulphide (Cu^S), with some cuprous 
oxide, along witiL oxide and sulphide of iron. 



Fig. 3. — SHsntBLo's MonincATioir of Calciheo. 
The gases from the ore calciner foi-m a dense cloud over 
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the region of the smelting works, constituting what is known 
as the ^^ copper smoke^^ and to prevent the escape of the deleteri- 
ous portions of which, considerable expense has been entailed 
by liie smelters in conducting the fumes or vapours along long 
flues into which water is injected, and finally delivering the 
gases at a considerable height into the atmosphere. The 
gases of the ore calciner consist chiefly of nitrogen^ with 
atdphuroua and can'honio cmhydridea, along with about 9 per 
cent, of free oxygen. 

Many attempts have been made to utilise the large amount 
of sulphur contained in pyritic ores in the manufacture of 
sulphuric acid; and numerous improvements in the calciners 
have been devised for this purpose, amongst which may be 
noted those proposed by Mr. Spence and M. Gerstenhbfier. 
Mr. Spence proposed a calciner with a bed heated from 
beneath and some 50 feet in length, on to which the ore 
was placed at the end most distant from the furnace, and 
gradually moved onwards towards the hottest end of the 
bed, a current of air being passed oyer the thin stratum of 
ore during the whole time of roasting, while the escaping 
sulphurous anhydride (SOg) is carried to the ordinary sul- 
phuric acid chamber. 

The furnace or calciner of H. Gerstenhoffer, adopted for 
some time by Mr. Vivian, at Swansea, consists of a rec- 
tangular vertical chamber, across which are arranged rows of 
fire-clay bars about 2 feet 6 inches in length and triangular 
in section, these are arranged with their upper faces parallel 
with the top of the furnace, while the bars of each row in 
vertical height are placed beneath the spaces in the row 
above them, so that no two bars in succeeding rows are 
directly over one another. The ore or regulus is ground 
fine and introduced into a box or hopper on the top of the 
furnace, from which it is supplied to the furnace by grooved 
feed rollers placed in the top of the furnace above the upper- 
most row of bars; so that as the ore is fed in a continuous 
stream it falls on to the top row of bars, piles itself upon 
these, and gradually falls over on to the next series below, 
and so on, thus exposing a large surface for oxidation in the 
passage of the ore from the top towards the bottom; air being 
at the same time admitted through a series q{ apertures in tho 
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front of tbe fimiaoe, as also by a current driven in at tHe 
bottom of the calciner; while the gases escape by an opening 
at the top, from which they are conducted to the sulphuric 
acid chambers. The fireplace is at the bottom of the furnace, 
into which, at the commencement of the calcination, ignited 
fuel is introduced, and the fire maintained until the tempera- 
ture of the furnace has been raised sufficiently high and the 
sulphur evolved from the ore is in ignition, after which the 
combustion of the fiulphur is sufficient to continue the pro- 
cess. If the ore clots on the bars and does not fall over on to 
the series of bars beneath, a scraper can be inserted through 
the apertures in front for clearing away the obstruction. 

13. Fusion for Coarse-metal. — ^The fusion of the calcined 
ore is effected like the last operation in a reverberatory 
furnace, but known as the " ore furnace," in which the bed 
is only about one-third of the size of that of the " calciner,** 
and tJie proportion of fire-grate area to that of the bed is 
much increased in the ore furnace. The parts exposed to 
the action of the flame are built wholly of fire-brick. 

The '^ ore furnace," figs. 4 and 5, consists of a more or less 
oval-shaped chamber a, bounded at the sides by low vertical 
walls, from which springs the low arched roof h, provided with 
an opening for the introduction of the charge from the hopper 
c. The bed is separated from the fire-grate by a hollow fire- 
bridge, while at the opposite end it communicates by a flue 
d with the stack m. At ^ is an opening, protected as 
shown by two cast-iron plates, and closed by a fire-clay 
slab or quarry, in which is a hole for the inspection of the 
interior of the furnace; and through which aperture the 
slags are withdrawn into the slag moulds situated immedi- 
ately beneath. The fuel, consisting of anthracite with one- 
third of its weight of bituminous coal, is introduced through 
the opening k, not fitted with a door, but closed as in the 
puddling furnace, by the introduction of coal into the aper- 
ture k; and at A is the tap-hole, through which the melted 
coarse-metal is allowed to flow for granulation into a perfor- 
ated tank, which is raised and lowered in a reservoir of water 
by a winch or crane at the side of the furnace. But in 
Lancashire, at St. Helen's, etc., as also in Swansea, accord- 
ing to the ores employed^ instead of ruzming the regulus from 
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the ore ^mace into water for granulation, the metal is tapped 
directly into sand moulds, the pigs of metal from which are 
subsequently crushed under rollers prior to its calcmatiou. The 
bed of the ore furnace is supported upon a brick arch running 
from the ash-pit for the whole length of the bed- upon this 
arch is built a bed of fire-brick, upon which is placed a depth 
of 10 or 12 inch of sand, which is strongly heated and consoli- 
dated by melting on its surface a small quantity of " metal 
slag," when a fiirther but thinner layer of sand with slag 
is introduced in the same mannei-, and thus a comparatively 
impervious bottomia obtained; notwithstanding which, the old 
furnace bottoms still contain, considerable quantities of copper. 
The surface of the bed is made to slope from all parts to the 
tap hole h, in front of which the mebil collects in a kind of 
b^itt previous to tappings 



^. 4. — VBItTICAL SBCnOlT OF THB OBB EUItNACE. 

The charge of the furnace, ' weighing about 25 cwt., is 
made up of from 17 to 18 cwt, of calcined ore, about 3 cwt. of 
taw ores consisting of oxide and carbonate of copper when these 
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ore available, along with 5 or 6 cwt. of slaga trora the fourOi 
operation, the latt«r being introduced through the opening/ 
at the end of the furnace, and occaflionally a little ^uor>«par 
is added to increase the fluidity of the slags; for if the latter 
be either too thick or too fluid, more or leas of the r^ulus is 
drawn over with it, as it is raked out thiisugh the opeoingyi 
In I^ncaahire, charges of 3 tons, consisting of 2 tons of cal- 
cined ore with 1 ton of ozidix^ ores, are frequently treated. 



Fig. 6. — HoRiEONTAL SscnotT av thb Okb rcasAoa ok ltnb AB. 
The charge of ore, etc, having been introduced into the fur- 
nace by withdrawing a slide in the bottom of the hopper e, and 
spread evenly over the hearth, theopenings are then made tight, 
and the temperature gradually raised. The mass is slowly 
melted, attendedwithebullitionfrom the escape of sulphurous 
anhydride (SO^), and in about 3^ hours the lM.th is in perfect 
fusioa, when it ia raked together by the workman, after which 
the temperature is raised still higher to &vour the more perfect 
separation of the regvlua or matt of axcrae-metal from the slag. 
The whole operation is completed in about 5 hours, when the 
slag may be raked out into the sand moulds already mentioned 
(where the small quantity of regulua drawn out along with 
it collects in the tower portion of the blocks of slag, irom 
which it is detached and added to the general yield of coarae- 
metal), while another charge la worked off before tapping 
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the furnace; or the regulus of coarse-metal, after raking out 
the slag, is at once tapped out, by withdrawing the stopping 
of clay and sand from the tap-hole, and either run, for granu- 
lation, into the perforated tank contained in the reservoir of 
water, or is cast in pigs to be subsequently crushed between 
rollers. 

In the fusion for coarse-metal the oxides of copper pro- 
duced in the calcination of the ore, as also those introduced in 
the state of raw ore, act upon the undecomposed ferrous sul- 
phide, yielding by double decomposition cuprous sulphide and 
oxide of iron; and a further portion of the ferrous sulphide 
is oxidized by the oxygen of the air passing through the fur- 
nace, attended with the evolution of sulphurous anhydride and 
the production of oxide of iron, this last combining with the 
silica of the slags added to the charge, with the formation of 
a silicate of iron. While if sulphur be present in the calcined 
ore in insufficient amount to convert the whole of the copper 
into sulphide, then a portion of the metal separates as blister 
copper^ forming a third and lowest stratum in the furnace, 
and at the same time the slags will contain oxide of copper 
as cuprous silicate. 

As the result of the fusion in the " ore furnace " there is 
thus obtained a brittle, non-crystalline, more or less granular, 
vesicular and bronze -coloured regulus, known as " coarse- 
metalf* which contains about 33 per cent, of metallic copper 
(or about the same proportion of copper as exists in copper 
pyrites). Besides cuprous sulphide, this regulus also contains 
ferrous sulphide, and smaller quantities of other metals. 
The coarse-metal is accompanied by a hard, brittle, porphy- 
ritic mass, constituting " ore -furnace slag" which consists 
essentially of ferrous ideate (2 FeO, SiOg), but contains also 
embedded angular pieces of quartz, shots of coarse -metal, 
and smaller quantities of other elements, as indicated by the 
accompanying analyses by Le Play. It is not desirable to 
concentrate the copper in this regulus or "coarse -metal" 
beyond about 35 per cent., nor to allow it to fall short of 
30 per cent., these limits affording the best results in prac- 
tice. The yield of coarse-metal is about 55 per cent, of 
the chaige. 

19— II* 
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COMPOSITION OP COARSE -METAL. 

Copper, - - - - - 

Iron, - - - . . 
Nickel, Cobalt, and Manganese, 

Tin, 

Arsenic, - - - - - 

Sulphur, ' - - - - 
Slag mechanically mixed. 



COMPOSITION OP ORE-FURNACE SLAG. 

Quartz in admixture, .... 
Combined Silica, - - - - 

Ferrous Oxide, - - - - - 

Alumina, - - - - - 

Lime, •-•--- 
Magnesia, - - - - - 

Oxides of Tin, Manganese, Nickel, and Cobalt, 
Fluorine, - - - - V0\ 

Calcium, - - - - 1*1 ^ 

Copper, ----- 0*5 
Iron, ----- 0*9 
Sulphur, • • - - 0*6 



33-7 
33-6 
1-0 
0-7 
0-3 
29-2 
11 

99-6 



30-5 
30-0 
28-5 
2-9 
2-0 
OG 
1-4 



2-1 



20 

10000 



14. Calcination of Coarse-metal. — ^The fusion in the '^ore 
furnace" Having separated much of the gangue, silicious and 
earthy constituents of the ore, the metalliferous portions are 
now more readily acted upon, under the oxidizing influence of 
this calcination. The calcination of coarse-metal is eflected in 
charges of about 3^ tons of the dried, granulated, or crushed 
coarse-metal, which is placed upon the flat bed of a furnace 
similar to the "caldner" already described; the object of the 
operation being the oxidation of the iron in the coarse-metal, 
in order that it may then be removed in the slag at the next 
fusion. The oxidation is attended at the same time with 
the elimination of a further portion of the sulphur as sul- 
phurous anhydride and sulphuric acid; but the calcina- 
tion is not pushed sufficiently far to effect the removal of 
the whole of the sulphur, a certain amount of the latter 
being required to combine with the copper for the produc- 
tion of a matt of cuproTis sulphide or "^we metal" in the 
subsequent fusion. This calcination is also attended with the 
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elimination of a portion of the arsenic and antimony which 
passes into the matt of coarse -metal in the fusion in the 
ore fumaca The heat during calcination is maintained veiy 
moderate for the first 6 hours, after which it is gradually 
raised until the completion of the process, which occupies 
altogether from 24 to 36 hours; but it is at no point 
allowed to rise sufficiently high as to fuse the metal; while 
to prevent clotting, and at the same time to expose the 
metal more thoroughly to the oxidizing iufluence of the atmo- 
sphere, the charge is stirred or rabbled at frequent intervals. 
The "calcined coa/rae-rmtal^^ thus produced, is a blackish 
friable mass, containing sulphides of copper and iron, along 
with oxide of iron; the sulphur being present to the extent 
of about onorhalf the amount in the coarse-metal before cal- 
cination. 
15. Melting of the Calcined Coarse-metal. — In this 

operation, the calcined metal from the previous calcina- 
tion is melted along with products containing oxide of 
copper, such as roaster and refinery slags from ti^e fifth and 
sixUi operations; and an addition of ores of copper, consist- 
ing of oxides or carbonates, such as Australian ores, is also 
made when such are available; copper scale from the rolling 
mill, and broken hearths are also occasionally added. The 
furnace employed is similar to the ore furnace, figs. 4 and 5, 
with the exception that the hearth is without a basin, and 
slopes from all parts to the tap-hole. The process is con- 
ducted much in the same manner as the first fusion, except 
that the temperature employed is somewhat higher in tins 
melting, and the operation is about 2 hours longer in dura- 
tion The charge, consisting of about 1 ton of (jalcined coarse- 
metaly with 12 cwt. of the slags and ores already mentioned, 
is spread over the furnace bottom, when the doors are well 
closed, and after about an hour fusion commences, and in 
from 3 to 4 hours the charge is well stirred, and the heat 
raised so as to thoroughly melt the charge. When charges of 
50 cwt. are employed, the mixture is frequently made up of 
about 30 cwt. of calcined coarse-metal, 15 cwt of oxidized 
ores of copper, and about 5 cwt. of roaster and refinery slags. 
During the melting very little sulphurous anhydride (SOg) 
is evolved, the reactions involved consisting mainly of a doubly 
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decomposition between the ferrous sulphide and the oxidized 
compounds of copper, whereby oxide of iron and cuprous sul- 
phide result, of which the former, combining with silica derived 
from the slags and ores added to the charge, as also from the 
materials of the furnace, passes out in the slag as a fusible sili- 
cate of iron, which is skimmed from the surface of the regulus, 
and drawn out at the end door into sand moulds; while the 
latter or cuprous sulphide constitutes the regulus or matt of 
^^JuM imetaL^^ which is tapped out into sand moulds. The 
first pigs are the least pure, and if it be intended to pro- 
duce best -selected copper, then the last pigs that are cast, 
along with the upper portions of the pigs first run out, are 
separated and used for that purpose, while the bottoms of the 
latter, being more impure, are i^en treated separately for the 
production of tile copper. 

The regulus produced in this fusion varies in composition 
according to the amount of oxidized products at command 
for addition to the melting charge. If oxides or carbonates of 
copper are added in sufficient quantity to decompose the 
whole of the ferrous sulphide in the calcined coarse-metal, 
then the regulus is of a dark bluish-grey colour, with a semi- 
metallic lustre, brittle, and very compact, constituting what 
is known as " white metal," which has nearly the composition 
of cuprous sulphide (CugS) ; but if the proportion of oxidized 
compounds of copper be insufficient to decompose the whole 
of the ferrous sulphide, then a larger amount of the latter 
occurs in the regulus, rendering it bluer in colour than the 
previous named, when it is then known as " Wue metal ;" while 
a third variety of the regulus known as " pimple metal" (from 
the pimple like excrescences occurring on its upper surface), 
occurs when the oxidized portions of the charge are in excess, 
which, with the exception of its pimpled surface, is much 
the same in physical qualities and composition as white 
metal, though occasionally it is somewhat redder in colour 
from the presence of metallic copper and cuprous oxide. 
Blue metal and pimple Tnetal always contain metallic copper 
diffused through the mass; in blue metal the copper occurring 
as fine filaments in the interior of cavities, also as fine 
strings and angular particles throughout the mass of the 
regidus. 
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The slag of this melting, known as "metal slag," is of a 
dark, bluish-grey colour, sometimes irridescent and semi- 
metallic in lustre; it is brittle, compact except towards its 
upper surface, where cavities occur as though caused by 
enveloped bubbles of gas; and it may be granular, crystal- 
line, or conchoidal in fracture, and from the sharp edges of 
the fractured fragments it is sometimes called aha/rp slag. 
In composition, metal slag is essentially a ferrous silicate with 
small quantities of other metallic oxides; and certain pro- 
portions of this slag are usually added to the charge in the 
fusion for " coarse-metal." 

The following analysis of white metal, blue metal| and 
metal slag, are by Le Flay : — 



Copper, 

Iron, 

Nickel, cobalt, and manganese, 

Tin and Arsenic, 

Sulphur, 

Slag and sand mechanically mixed, 



White 
Metal. 


Blue Metal. 


77-4 
0-7 
Traces. 
01 

210 
0-3 


56-7 

16-3 

1-6 

1-2 

23 

0-5 


99-5 


99-3 



COMPOSITION OF METAL SLAG. 



Silica, 

Alumina, - 

Ferrous Oxide, - 

Cuprous Oxide, - 

Various other Oxides, 

lime, 

Magnesia, 



Slag mechanically mixed < Iron, - 

( Sulphur, 



( Copper, 



33-8 
1-6 

56 
0-9 
2.1 
1-4 
0-3 
2-9 
0-3 
08 

100 



The invariable presence of metallic copper in blue metal, 
which occurs only exceptionally in white metal, together 
with the non-formation of a stratum of metallic copper in 
the furnace, which must occur if metallic copper existed in 
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the free state in the fdmace, has led to numerotis hypotheses 
as to the causes of its occurrence in blue metal. Le Play 
suggested that it was produced by the reaction of the slag 
and metal after pouring; but since the copper is distributed 
throughout the mass, and not merely along the line of junction 
of the metal and slag, this theory appears untenable. Dr. 
Percy concludes that the metallic copper exists in the metal 
of the furnace, dissolved in the bath of cuprous and ferrous 
sulphides, or blue metal, like graphite in pig-iron, and that it 
separates throughout the mass during coolmg and solidifica- 
tion, again entering into a state of solution when the blue 
metal is remelted, in a manner analogous to the behavionr of 
graphite in pig-iron under similar circumstances. This expla- 
nation would indicate that the proportions of ferrous and 
cuprous sulphides, as existing in blue metal, possessed this 
solvent action upon metallic copper, which cuprous sulphide 
with a smaller proportion of ferrous sulphide, as existing 
in "white metal," did not possess. 

16. Boasting for Blister Copper. — ^The operations up to 
this stage have resulted in eliminating from the copper ores 
the greater portion of their arsenic and iron, and a large pro- 
portion of their sulphiu*, with the .production of a matt or 
regubis of cuprous sulphide, containing also ferrous sulphide 
and smaller quantities^of other metals; a certain proportion of 
sulphv/r having been purposely retained in the product as the 
medium for concentrating the copper, while silica has had the 
effect of gradually withdrawing the iron originally present 
in the ore mixture. But the object of the present operation, 
known as " roasting/' is to effect the removal of the remainder 
of the sulphur in the form of sulphurous anhydride; and of 
arsenic, antimony, iron, cobalt, nickel, tin, etc., either as 
volatile oxides, or as silicates passing out in the slag, with 
the separation of a more or less pure metal known as " blister 
copper." The active agents in this operation are the oxygen 
of the air and silica, a quantity of the latter always adhering 
as sand to the pigs of fine or blue metal, and a small quantity 
of quartz is also occasionally added along with the pigs of 
fine metal constituting the charges. 

From 3 to 3^ tons of the regulus or metal from the last 
operation are placed on the bed of a reverberatory fur- 
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luuse, similar to tHat used in the last process, except that 
it is not provided with a hopper, the pigs of metal being 
introduced through a side door on to the hearth; and the air 
is also admitted to the hearth during the roasting, through 
two openings in the brickwork across the angles at the 
comers of the bed nearest the fire-grate end, or through the 
fire-bridge, according to Sheffield's plan of construction de- 
scribed in pages 27, 28. After the insertion of the charge 
the doors are closed, when the heat is raised and the metal 
firadually melts and runs down into the hearth, thereby 
Ixposing^ daring the melting-down stage, a large Surface to 
the oxidizing action of the air, whereby a proportion of the sul- 
phur is elimated as sulphurous anhydride by the direct action 
of atmospheric oxygen upon the cuprous sulphide, and at the 
same time a proportion of the copper is oxidized, when the 
oxide so formed reacts upon the sulphide in contact with it, 
yielding sulphurous anhydride and metallic copper; thus, 

CxiaS+2CuO=4Cu + S02. 

In about ^ye hours the charge is perfectly fused, when its 
surface presents the appearance of ebullition, due to the escape 
of sulphurous anhydride as the result of a violent reaction 
between the sulphide and oxide of copper, according to the 
above equatioiL The slag is now raked out from the surfaco, 
and the temperature is allowed to fall slightly by opening 
the furnace door, when the regulus becomes viscous, and its 
surface "rises" from the efibrts of the gas within the mass 
to escape through the hardened crust of the surface, thereby 
increasing the surface of metal exposed to oxidation. After 
ten or twelve hours, sulphurous anhydride ceases to be- 
evolved, when the heat is again raised, and a further escape 
of sulphurous anhydride takes place, by the mutual decomposi- 
tion of the oxide and sulphide of copper contained in the 
metallic bath, during which stage the bath is rabbled so as to 
more thoroughly incorporate these substances, and in the last 
stage, when the furnace door is closed and the heat is at its 
greatest intensity, the metallic oxides — chiefly iron with any 
oxide of copper remaining undecomposed — ^imite with the 
silica, with the production of a fusible silicate or slag, known 
as ^^roaster slag/* which is skimmed off and the metal (blister 
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copper), is tapped into sand moulds. The process ttiis 
occupies about twenty-four hours for it completion, and the 
product known as blister capper, from its blistered surface and 
vesicular character, is brittle, of a dull red colour, and con- 
tains about 95 per cent, of metallic copper, the residue con- 
sisting of traces of sulphur, arsenic, iron, tin, etc. The 
roaster slag is a scoriaceous, dark reddish-brown mass, often 
rich in oxide of copper, with shots of metallic copper distri- 
buted throughout its mass, and containing occasionally as 
much as 47 per cent, of silica, derived as already noted from 
the sand adhering to the pigs of fine metal, from the sides 
and bottom of the furnace, and from the quartz sometimes 
added to the charge. Koaster slag is one of the ingredients 
of the charge in the fourth operation or fusion for fine metal. 
The following analyses of roaster slag and blister copper 
are by Le Play — 



Roaster Slag. 


Blister Copper. 




Silica, - - - - . 


47-5 


Copper, . - - 


98-4 


Alumina, - - - . 


30 


Iron, - . - 


0-7 


Cuprous Oxide, - - - 


16-9 


Nickel, Cobalt, and 




Ferrous Oxide, - - - 


280 


Manganese, - 


0-3 


Oxides of Nickel, Cobalt, and 








Manganese, ... 


0-9 


Tin and Arsenic, - 


0-4 


Stannous Oxide, - 


0-3 


Sulphur, - - - 


0-2 


Lime and Magnesia, 


Traces 






Metallic Copper, - - - 


2 


I 






98-6 




lOOO 



17. Refining or Toughening. — This, which forms the 
concluding operation in the Welsh method of copper smelt- 
ing, is for the production of commercial copper, known as 
toiLghrcake copper, from the blister copper of the last operation; 
and for which purpose from 6 to 8 tons of the pigs of blister 
copper are introduced into a reverberatory furnace, with a larger 
proportion of grate area than in the melting furnace (figs. 4, 5) 
alresidy described. The furnace is also without hopper in 
the roof, or hole through the bed, and has no side tap-hole, 
while the bed inclines from all parts towards the dished or 
hollowed portion in which the metal collects near the door at 
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the end of the furnace nearest the stack. The cakes of 
blister copper are arranged on the furnace hearth in the form 
of a hollow pile, reaching almost to the roof of the furnace, 
and thus allowing a free circulation of the air amongst them 
during the period of melting down. After introducing the 
charge the heat is gradually raised, but not too rapidly, the 
object being to oxidize or calcine the metal during this 
earlier stage, and in about 5 hours the metal is beginning 
to melt, and the heat is continued for 12 or 13 hours 
longer, constituting the first stage of this operation, during 
which time the more oxidizable metals, arsenic, iron, tin, 
antimony, zinc, and lead, with sulphur and some copper, 
will have been converted largely into oxides: the arsenic 
and sulphur being converted i^to arsenious and sulphurous 
anhydrides respectively, and which are volatilised. In order 
to separate the remaining oxides, the temperature is raised 
still higher, and continued for from 3 to 4 hours, when the 
fiurface of the metallic bath becomes covered with a hard 
seoiia or slag, externally dark or almost black in colour, but 
of a reddish-brown colour on fracture; this slag is raked off 
through the end op^iing of the furnace, and the melted 
metal is then ready for the second stage, viz., poling or 
refinirig proper. The surface of the metallic bath is now 
covered over with powdered anthracite or gi'ound charcoal 
to prevent its fiirther oxidation, and a pole of green wood, 
usually birch, is thrust beneath the surface of the metal, 
when the gases and vapours disengaged by the decomposition 
of the wood thoroughly agitate the fluid metal, and every 
portion of it is brought into contact with the reducing gases, 
whereby any oxide of copper is reduced to the metallic state. 
The poling, as this operation is called, is continued for from 
15 to 30 minutes, during which time samples of the metal 
are taken out at intervals and tested for malleability and 
ductility, by hammering into a plate and bending in a vice; 
and when the tests thus applied indicate that the metal has 
acquired the necessary toughness; and the fracture shows that 
the brick-red colour, with dull granular appearance of under- 
poled or d/ry coppery has given place to a salmon-red colour 
And a silky lustre, then the poles are withdrawn, the 
flnthradte pushed back, and casting of the metal commences; 
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in which operation the copper is ladled from the furnace iii 
ladles lined with fire-clay, and cast in various shaped moulds 
of iron or copper, the metal so cast constituting ''tough- 
pitch " or " tough-cake *' copper, or ifj instead of casting in 
moulds, the metal be granulated by pouring it into cold or 
hot water) it is known as beaiv-shot and /ecUhered^hot respec- 
tively. 

The metal before poling commences is in the condition 
known as " dry copper," that is, it contains a considerable 
amount of cuprous oxide (Cu^O) dissolved in the bath of 
metallic copper, and if examined in the cold state it ib of a 
deep-red colour with a tinge of violet, yielding a coarse granu- 
lar fracture, while it is quite brittle and void of the toughness 
characteristic of the final product If the poling be continued 
too long, even by only a few minutes, the silky appearance 
and bright lustre of the copper gradually disappears, the 
colour becoming decidedly more orange, and the fracture also 
more coarsely granular: at the same time the metal loses its 
malleability and ductility, becoming even more brittle than dry 
copper; the metal in this condition is known as "overpoled'' 
copper, to rectify which effect when produced, the surface 
of the fluid metal is exposed, after raking off the scoria, 
charcoal, etc., from its surface, to the oxidizing influence of 
the air from the doors and the fire of the furnace, by which 
exposure its toughness is again restored; and if during the 
lading the metal should become more or less dr^ from the 
oxidation going on at is surface, the poling is often resumed 
for a short time. 

Pigs of copper in the underpohd or dry state always 
show a decided furrow along their upper surface, while in 
the overpoled condition the metal rises in the mould; or if a 
narrow ingot, then the furrow will be replaced by a decided 
ridge running along the length of the ingot, the depth of 
furrow or elevation of the ridge affording an indication of 
the degree of underpoling or overpoHng of the metal; while in 
" tough-pitch *' copper the upper surface of the pigs are flat, 
with the exception of small transverse furrows and ridges. 

The brittleness of underpoled or dry copper may be due, 
in the absence of foreign metals, to the presence of an undue 
amount of cuprous oxide (Cu^O) in the metal, since pure 
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copper is capable of taking up, when in the fluid state, a 
certain proportion of cuprous oxide which it retains on cool- 
ing, and copper so holding the oxide in solution is notably 
dry. But in the case of overpoled copper two explanations 
have been offered to account for its brittleness, the older one 
considered it to be due to a combination of carbon (from the 
-wood used in poling) with the metal after the whole of the 
cuprous oxide present in the dry copper had been removed; 
but the more modem and generally accepted explanation is, 
that since all commercial copper contains more or less im- 
purity, notably sulphur, tin, lead, and antimony, which 
render the metal brittle and red-short, an effect which is 
counteracted by the presence of a small proportion of cuprous 
oxide in the metal (see page 15); and that in overpoled 
copper, the whole of the cuprous oxide (CugO) is reduced to 
the metallic state, by the cai'bonaceous matters and reducing 
gases produced in the poling operation, and brittleness of the 
metal accordingly results; but that, by exposing the surface 
of the melted metal to the action of the atmosphere for a 
short time, an amount of cuprous oxide may be introduced 
sufficient to neutralise the deleterious effects of the foreign 
metals, while the amount of oxide necessary to thus introduce 
will depend upon the proportion of foreign metals present in 
the copper. 

If the blister copper contain large proportions of iron, 
arsenic, tin, etc., the refining is facilitated by the addition of 
a little lead, which is well rabbled with the charge, when the 
scum rising to the surface will contain the oxides of those 
metals along with oxide of lead, etc. ; bub after adding lead 
it is necessary to continue the rabbling so as to effect the 
removal of the whole of the lead (as litharge) from the copper 
prior to casting. 

If the copper be intended for rolling, from 2 to 16 lbs. of 
lead per ton of copper is added to the metal. 

The slag product in the refining or toughening, and known 
as " refinery slag," is rich in cuprous oxide, and usually con- 
tains shots of metallic copper distributed throughout its mass. 
It forms a portion of the charge introduced in the fourth 
operation or fusion for fine metal. The following analysis of 
refinery slag is by Le Play. 
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BEFINEBY RLAO. 




Silica, :..... 


■ 47^ 


Alumina, . . • . . 


2-0 


CaprouB Oxide (CuaO), - - • . 


36-2 


Ferroiifi Oxide, - - - . . 


31 


Oxide of Nickel, Manganese, etc.. 


0-4 


Stannous Oxide, . . . . 


0*2 


lime, ...... 


1-0 


Magnesia, . . . . . 


0-2 


Shots of Metallic Copper, 


90 



99*5 

In addition to the six processes tabulated and just de- 
scribed for the production of tough-pitch copper, it is the 
general practice in the copper works to introduce, between 
the fourth and sixth stages previously described, two or more 
supplementary operations, consisting of an alternate roast- 
ing and fusion, which are conducted in furnaces similar to 
those already indicated, and the operations are carried on 
after the manner of the calcinations and fusions already 
described. The subjects of operation in these processes 
are fresh ores of the richer and purer classes along with the 
slags, etc., containing copper, produced in the fourth and 
subsequent operations of the previous smeltings; the regulus 
thus obtained being added to the general yield of fine metal 
from the fourth operation, and passes along with it as the 
charge of the fifth or roasting stage already described. Also, 
if only an insufficient supply of oxidized copper ores be at 
command for addition to the charges of the various opera- 
tions, then the calcinations and fusions require to be repeated 
a greater number of times. Under these circumstances the 
regulus or blue-metal produced in the fourth fusion or melt- 
ing of the calcined coarse-metal is not at once subjected to 
the roasting process, but is again calcined and subsequently 
melted before roasting, whereby the smelting will involve at 
least eight operations instead of the minimum number of 
six operations indicated in the previous pages. 

18. Best-selected Copper. — The copper employed in the 
manufacture of the best kinds of brass, gun-metal, coinage, 
and other alloys is of the purest variety of commercial copper 
known as " best-selected/' so called since for its preparation 
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the pigs of fine metal or other regulus of a similar composition 
undergo a process of selection; whereby the pigs that are 
first tapped out in the melting of the regulus, and which 
contain the greater portion of the tin, antimony, arsenic, 
lead, nickel, etc., and other impurities of the ore, are sepa- 
rated, and treated apart from the pigs cast towards the 
conclusion of the tapping. The former, after roasting and 
refining in the usual manner, yield an impure metal known 
as "bottoms" or "tile-copper;" while the latter yield, after 
the same treatment, an almost pure metal known as best- 
selected copper. Also since the alloy of copper with tin and 
the other foreign metals is more dense than the pure metal, 
the alloy settles to the bottom of the pigs during their 
solidification, and is detached by the hammer from the upper 
portions immediately the metal sets, when the upper por- 
tions are treated for best-selected, while the lower yield 
only an inferior metal known as bottoms. 

The melting and casting is usually repeated a second time 
upon the selected portions of the first cast, and the same 
selection made of the purer portions. In this manner about 
one-fourth of the copper is rejected in the selecting process 
at each melting, so that in the two meltings about one-half 
of the original charge of white metal is treated for best- 
selected, and the other half forms bottoms or tile-copper. 

Another method consists in roasting the regulus of blusy 
finSf or pimple metal, Tintil about one-half of it has melted or 
liquated out, when the melted portion forms the most impure 
metal; since the melted copper in passing through the stan- 
niferous compounds contained in the regulus decomposes 
them, and the reduced tin, etc., alloying with the copper, 
and liquating or sweating out, is drawn off; while the residue 
known as regule, best regtUe or spongy regule is treated 
separately for best-selected; and if necessary the regule first 
obtained is subjected to a second or a third partial roasting, 
when the regule so obtained is usually free from tin, arsenic, 
eta As in the previous method the regulus separated during 
these partial roastings produces an impure metal known as 
bottoms. Best -selected copper should also be prepared ex- 
clusively from the purest copper ores. 

The bottoms produced in these processes are very impure 
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and of variable compodtion, oontaiBiiig from 75 per cent, to 
90 per cent of metallic copper, the remainder consistmg of 
tin, antimony, lead, iron, nickel, manganese, arsenic, and 
sulphur, in veiy variable proportions. 

19. Elimination of Foreign Metals, etc^ in Copper 

Smelting^. — As noted above, the selecting process effects the 
elimination of many foreign metals from the copper; in this 
manner gold and silver are largely if not wholly obtained in 
the bottoms produced in the process, while the copper smelted 
from ores containing these metals, if not subjected to the 
selecting process, will contain gold and silver diffused through- 
out the metal. Antimony, also, which occurs in the grey 
antimonial copper ores and in some of the Australian ores, is 
eliminated in the selecting process passing out in the bottoms, 
but possibly a portion may likewise be volatilised as antimo- 
nious oxide (SbgOg) during the calcinations of the ore, etc. 

Tin, again, is separated in the bottoms during the select- 
ing process, and occasionally the amount of tin so sepa- 
rated is sufficiently large to give a white appearance to the 
metal forming the bottoms, which is then known as hard 
metal. The tin is originally present in the ores probably as 
stannic oxide (SnOg), which in contact with copper or iron 
pyrites would probably yield stannous sulphide in the first cal- 
cination of the ore, attended with the evolution of sulphurous 
anhydride; and, as detailed under the selecting process, metallic 
copper coming into contact with stannous sulphides during 
the partial roasting in the best -selecting process, effects a 
reduction of the tin, with the production of a regulus of 
cuprous sulphide, accompanied by an aUoy of tin and copper, 
which latter being more dense than the copper sinks and forms 
the lowest stratum or bottoms Crystals of stannic oxide 
are occasionally foxmd also in the slags produced in copper 
smelting, as also in the stacks of the roasting furnaces. 

Arsenic is usually present in the smelting mixture of copper 
ores, as mispickel, arsenical iron, grey copper ore, etc., and is 
partially evolved as arsenious anhydride (AsgOg) in the various 
roastings, and at the same time a portion is retained as basic 
arseniat^ of iron and copper, which latter compounds, when 
heated to a high temperature in contact with silica, as in the 
several fusions of copper smelting, are resolved into sirsenious 
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onliydride^ oxygen, and silicates of iron and copper. A further 
portion of the arsenic is possibly eliminated as arsenious fluo- 
ride (which in contact with moisture is resolved into arsenious 
anhydride and hydro-fluoric acid), by the action of hydro-fluoric 
acid and silicic-fluoride upon the ore, since hydrofluoric acid 
(HF) would be produced by the reaction of the sulphuric 
acid, generated by the oxidation of sulphur in the roasting 
process, upon fluor spar (CaFg) sometimes present in the ore 
mixture, while the silicic-fluoride (SiF^) would result from 
the action of hydro-fluoric acid upon the quartz always more 
or less present. Arsenic is also separated* in the selecting 
process, passing out with the other impurities in the bottoms. 
Nickd and cobalt occur occasionally in considerable quantities 
in copper ores, and unless a special operation be conducted 
for their concentration, these metals will occur partly in the 
refined copper, and partly in the slags and bottoms. Mr. 
Vivian patented a method for the separation of nickel and 
cobalt from ores, slags, or regulus of copper, in which he 
converts these metals into a/raenidea or speise, while the copper 
is separated as sulphide. For this purpose, if the nickel, cobalt, 
and copper exist in an oxidized state, as in slags or oxidized 
ores, the material is then mixed with arsenical pyrites, and 
sufficient sulphur, in the form of iron pyrites, as is required 
to combine with the copper, along with coal or carbonaceous 
matters, to efiect the reduction of the oxides. The mixture is 
then melted and tapped out, when the arsenical compound 
sinks to the bottom of the pigs and is detached from the 
upper portion or regulus of copper, the melting being some- 
times repeated a second or third time for the better separa- 
tion of the two products. The bottoms so obtained contain 
from 1 to 12 per cent, of nickel and cobalt, with from 16 to 
50 per cent, of copper, together with some antimony, iron, 
etc If the nickel and cobalt do not eieist in the oxidized 
state, and are not present in large quantities, then they are 
separated from the copper after the latter has attained to the 
condition of white metal; the white metal being roasted as in 
the selecting process, and an addition of about one-eighth of 
its weight of arsenical pyrites is made at the completion of 
the first stage of the roasting, i.e., just before melting down, 
when, on tapping, the speise will occur as bottoms in the four 
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or five pigs of metal nearest the tap-liole. By a second 
treatment of the concentrated nickeliferous product pi*oduced 
bj either of these methods, Mr. Yivian proposed to obtain 
the apeUe in a marketable form. 

20. Method of Copper Smelting Patented by Napier.— 

Numerous patents have been taken out for reducing the 
number of operations inTolved in the smelting of Cornish or 
similar ores, and for the better separation of the tin, anti- 
mony, and arsenic from the product. Of this class is that of 
Mr. Napier, which involves four operations preparatory to 
the refining of the copper, instead of the minimum of five, 
required in the ordinary method. In the first operation of 
Mr. Napier's process, the mixed ores are calcined during nine 
hours, which operation is succeeded by a fusion, as for coarse- 
metal in the Swansea method, and for this purpose the cal- 
cined ore is withdrawn fi'om the calciner and mixed with a 
quantity of cobre or other rich ore, in proportions judged to 
be necessary for the production of a fusible slag of ferrous 
silicate, and a matt containing from 30 to 50 per cent, of 
copper, the fusion being efiected in a reverberatory furnace; 
and, before tapping, the scoria and slag are skimmed from 
the surface, when 120 lbs. of salt cake (crude sodic sulphate), 
with 40 lbs. of slaked lime and 60 lbs. of coal are added for 
each ton of metal in the charge. The mixture is then well 
rabbled, and afber a quarter of an hour the metal is tapped 
into sand moulds, from which, as soon as the metal is soli- 
dified, it is removed and thrown into tanks of water, where 
the pigs rapidly disintegrate and faU to powder. In the 
fusion the salt cake is I'educed to the condition of sodic 
sulphide by the coal introduced with the charge, and this 
sulphide combines with the sulphides of antimony, arsenic, 
and tin present in the regulus, the whole of which are then 
dissolved out in the lixiviation. In the third operation, the 
finely divided and dried residue from the lixiviation, ob- 
tained after syphoning off the liquid, is calcined in large 
calciners, having three beds in vertical height, one above the 
other, over which the products of combustion from the furnace 
pass in succession, the material being £rst introduced on to 
the upper bed, then raked on to the middle, and lastly on 
to the lower bed of the calciner; in this manner about 12 tons 
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of regolus is roasted almost perfectly sweet in from twenty-four 
to thirty hours. The copper exists in this calcined product 
largely as oxide, for the reduction of which it is mixed with 
fine anthracite, and at the same time a quantity of ore, free 
from sulphur and arsenic but rich in silica, is added, whereby 
on fusing in a melting furnace, which constitutes iJie fourth 
operation, the iron is separated as a fusible slag or silicate, 
beneath which is the reduced metal ready for the refining 
process. Mr. Napier's method has however been replaced at 
the Spitty works, near Swansea, where it was applied, by the 
old method of copper smelting. 

21. Method of Bivot and Phillips. — ^In the method of 
copper smelting proposed by these gentlemen, the ore is re- 
duced to powder and roasted sweet, when the roasted ore is 
melted in a reverberatory furnace along with lime, sand, or 
slags; and bars of iron are then introduced through apertures 
made for the purpose, into the bath of silicates on the hearth, 
whereby the more oxidizible metal, «r(m, replaces the copper 
in the silicate, while the liberated copper subsides to the 
bottom of the bath. The copper produced is, however, likely 
to be ferriferous, unless great care be exercised to support 
the bars of iron in the i^Uig out of contact with the precipi- 
tated copper; and also if tike ores contain tin, antimony, or 
arsenic, Uiese bodies are likely to occur more or less along with 
the copper to the deterioration of its quality; while the pro- 
cess is &rther attended with the consumption of iron, about 
equal in amount to that of the copper produced. 

COPPER SMELTING IN BLAST FQBNAOES. 

The method of smelting in reverberatory furnaces as practised 
in England, is alike suitable to almost all classes of ores, but 
it entails a very large consumption of fuel, and is therefore 
often replaced, where fuel is scarce and dear, or where the 
ores are of a more simple and purer character than those em- 
ployed in England, by the method of smelting in blast furnaces; 
as also if either veiy rich or very poor ores be worked alone, 
the method of reduction in the blast furnace appears prefer- 
able. Accordingly, we find the blast furnace in use for 
copper smelting in Sweden, Saxony, Hungary, Bussia, etc. 

22. Copper Smelting in Sweden. — At the works of 

19— II. D 
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Atvidabei^, in Sweden, the ores are poor, yielding only from 
4 to 5 per cent, of black copper, and are divided into two 
classes, viz., " hard " and '' soft/' according as quartz or other 
hard matters preponderate over the metallic sulphides, or 
otherwise. The hard ores contain copper pyrites, zinc blende, 
and a little iron pyrites, accompanied by much quartz, fel- 
spar, mica, calcspar, etc. ; while the soft ores contain a large 
proportion of zinc blende with magnetic pyrites and mag- 
netic iron ore, with smaller proportions of quartz, siHcious 
matters, etc. The smelting of these ores involves four 
operations, consisting of two calcinations or roastings and 
two fusions, exclusive of the refining of the black copper 
produced in the blast Jttmaces employed in the two fusions. 

1°. The ores are roasted or ecUcined in pyramidal heaps or 
in kilns, the heaps are about 30 feet square, and 10 or 12 
feet in height, formed by first laying a bed of wood upon the 
surface of the level ground, upon which is placed alternate 
layers of ore (broken into pieces of the size of an egg) and 
small charcoal, the surface being covered over with small 
ore, and ore dust. The wood in the bottom is then ignited, 
after which the heat is maintained from four to six weeks, 
by the combustion of the charcoal and sulphur of the ore; 
with soft ores the roasting is required to be repeated for a 
second time, lasting from three to four weeks, for which 
purpose the ore is again broken up, since portions of it, due 
to irregularity in the temperature, will have sintered together, 
while other portions wHl be perfectly roasted. The kilns 
sometimes employed, instead of the heaps, are bins or stalls 
formed by three walls, a back and two sides, while the top 
and front are open, and two of these are generally built 
together in the same line. The kiln is charged in the same 
manner as the pyramidal heap, with alternate layers of fuel 
and ore, with a continuation of the combustion for a like 
period as in the heap& When the ore contains much zinc 
blende, the first stage of the calcination is marked by the 
emission of much smoke, and the sur^Eioe becomes coated 
with zincic oxide. 

2^ This stage consists in the production of a regulus con- 
taining from 20 to 30 per cent, of copper, obtained by treat- 
ing tb^ roi^ted ore along with black copper shjfs from the 
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fourtli operation, and, occasionally, also cartonato of lime, in 
a blast furnace, figs. 6, 7, known as the orefwrvace, which is 
providedwith four, or,inthemorerecentlyconstructed furnaces, 
^vith three horizontal twyera a, a, a, 
placed in the arch /, of the back wall 
of the furnace. The shaft of the 
famace is rectangular in section, the 
back wall being vertical, while the 
front wall, supported upon the tymp 
iron b and an iron girder, rises ver- 
tically for a short distance, then in- 
clines towards the back, and so 
narrows the section of the stack 
towards the top; the hearth projects 
beyond the line of the front wall, 
and the tap-hole is situate at one 
comer of the fore-heai'th so formed. 
The hearth is lined with a mixture 
of clay and sand well rammed in, 

and beneath is a drain for ttio escape Yie. 6.— Swmiish BLisi 
of moisture. These fiimaoes measure FiTRNiCK for Smbltiko 
from 20 to 24 feet in height, and Coppeh. 
are abont 4 feet in diamet«r at the level of the twyers. 

Smelting in these furnaces is moat frequently attended with 
the production of a ferriferous mass or " bear," which collects 
in the bottom of the hearth; and resulting 
from the presence of incandescent carbon, 
together with the reducing atmosphere of 
carbonic oxide in the furnace, whereby a 
proportion of the oxide of iron, formed in 
the roasting of the iron pyrites contained 
in the ores, is reduced to the metallic 
state according to the reactions described 
under iron smelting; and these masses 
accumulate the more rapidly if the roast- 
ing be carried too far, and less slowly Fig. 7. — Plas of 
if a proportion of sidphur be left in SwsDisn Furhace. 
the ore. Indications of the workii^ of the furnace are 
aflbrded by the appearance of the fumaee eye, at the end of 
the slag prolongation of the twyer, under which the furnace 
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IB always worked; for if too mnch slag be added to the charge, 
the nose forms too rapidly, whilst the reverse is the case if 
an excess of fuel be added. The fomace being at work, the 
regulus and slag collect in the hearth, and at intervals about 
two-thirds of the slag, which is essentially a ferrous silicate 
floating above the regulus, and will not contain more than 
•25 to '5 per cent, of copper, is tapped out into sand beds 
and thrown away, while the remainder is returned to the ore 
furnace with succeeding charges. The furnace is only finally 
tapped when the hearth has become quite filled with regulus, 
which usually happens in from two to three days, when it 
will contain about 5 tons of metal, which is run out into 
sand beds, and when cold it is broken into pieces for roasting 
in the next (third) operation. The fuel employed is either 
coke or charcoal, latterly the former has come into more 
general use, and the practice of using hot instead of cold 
blast has been introduced. Oxide of zinc present in the 
roasted ore is reduced in the furnace and the metal volatilised, 
but again becomes oxidized as it passes through the stack of 
the furnace, where it forms a white coating around the throat 
which requires to be detached at intervals. 

3^ Is a series of roaatinga of the ore furnace regulus, con- 
ducted in kilns formed by a central wall, to which are built 
partition walls at righl^a^gles, so formii^ a number of rec 
tangular bins, back to back, each capable of holding about 
5 tons of the regulus or matt. The kiln is made up by spread- 
ing a depth of 6 or 8 inches of wood over the bottom, upon 
which is piled the lumps of regulus. When the firing is com- 
pleted the ore is turned over, broken up, and transferred to 
the next bin, and so on for five or six firings, each alike, 
except that in the first firing no fuel beyond the first layer 
is added, whilst in each succeeding charge an amount of 
charcoal, increasing in weight with each firing, is placed in 
the kilns with the regulus; the roasting, consisting thus of 
a series of firings, is completed in from seven to eight weeks. 

4^ Fusion far black copper is conducted in blast furnaces of 
the form represented in figs. 8 and 9.* They are about 17 
feet in height, and 3 feet in diameter at the twyers; and a 
portion of the gases are taken off from these furnaces about 

* Bredberg Bergwerksfreiuid. 
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8 feet above the hearth. Such a furnace being charged ♦ with 
200 lis. of the regulus from the laet operation, 40 lbs. of roasted 
thin regulus (a regulus produced in a previous smelting for 
black O^per), 20 lbs, of ore furnace alaga, 20 Iba. of cupriferous 
products, and from 10 to 20 lbs. of quartz, according to the 
amount of silica already present in the mixture. The furnace ia 
-worked -witii a twyer prolongation or nose, of from 4 to 6 inches 
in length, and the breast of the furnace is closed with sand, 
except a small opening through which the flame blows during 
the working of the furnace. The products of the operation 
are black copper, so called from its black oxidized suriace, 



which corresponds in composition very closely to the "blister 
copper" produced in the Welsh method of smelting; this is 
accompanied by a superstratum of thin regulus or jnatt, vary- 
ing according to the proportion of copper from reddish-blue 
to steel-grey in colour, and containing from 55 to 72 par cent. 
of copper; this regulus, after roasting, being added to iba 
charge of the same furnace in subsequent fusions; and form- 
ing the upper stratum is black copper alag, a portion of which 
ia also returned to the furnace with &ture charges; while, 
lastly, there collects in the hearth of the furnace ferrifertme 
mastet or bears, like those described as occurring in the (are 
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furnace. It is for iitiilising the waste heat of the f amaoe, and 
at the same time to prevent as much as possible the forma- 
tion of these masses, that the gases are drawn, off from, the 
furnace as described. When the melted matters in the 
hearth of the furnace reach almost to the twyers, the slag is 
drawn off into sand moulds, bj removing a portion of the 
breastwork of the furnace, after which the breast is made 
up again and more materiids are added to the furnace, with 
tapping of the slag as before, until a sufficient quantity of 
black copper and regulus have collected in the hearth as to 
require tapping-out, which occurs every two or three days; 
upon which the slag and regulus are drawn off close to the 
stirface of the black copper, and the metal is tapped into a 
long iron channel divided into a number of compartments, 
forming a series of moulds, in which the copper is cast 
Any regulus which runs out with the slag will collect beneath 
the first few pigs, which are turned over as soon as solidified, 
and while still hot are broken, whereby the regulus is easily 
separated from the slag. 

23. Refining of Black Copper. — ^The refining hearth is an 
almost semicircular cavity, from 2 to 2^ feet in diameter, and 
from 15 to 18 inches deep, constructed in a platform of brick' 
work, and lined with a refractory material, as fire-clay and 
sand well beaten down, the blast being supplied at a pressure 
of from If to 2f lbs. through a copper twyer projecting over 
the hearth, and inclined at an angle of 45^ downwards. In 
conducting the process the hearth is first filled level with 
charcoal or coal, and three pieces of black copper placed 
along the sides of the hearth, upon which about 15 cwt. of 
pigs of black copper are placed one upon another, keeping a 
short distance from the twyer. Ignited fuel is then placed in 
front of the twyer, when the whole is covered with charcoal 
or coal, and the blast is gradually let on, so that the metal 
is melted down slowly, exposing thus a large siuface for 
oxidation by the blast When melted down its surface is kept 
covered with charcoal, and the slag, which varies in colour 
according to the oxides that it contains, becoming red towards 
the close of the operation from the presence of oxide of copper, 
is skimmed off two or three times during the process of 
refining; and for this purpose the blast is turned off, the 
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charcoal is pushed hack, and water projected on to the 
surface by which the slag is solidified, ^and may be removed 
83 a cake. Quartz is occasionally added to the charge if the 
slag is too thick from a deficiency of silidous matters. The 
progress of the refining is judged by the workman from the 
thickness, oolour, lustre, and malleability of the small cylin- 
der of metal withdrawn upon the end of a pointed iron bar, 
inserted at intervals into the metallic bath, and when the 
copper has attained the required condition, it is ladled into 
ingot moulds. 

In some works of the Continent the English reverheratory 
furnace has been introduced for the refining of the copper. 
In other Continental works, where the black copper is less 
pure than the above and the refining hearth is still used, the 
metal is first refined, and then remelted to toughen the metal 
for rolling and hammering in a similar heartii, with a hori- 
zontal or only slightly inclined twyer, when instead of lading 
the refined metal into motdds its surface is cleared of char- 
coal, etc.; the metal is then allowed to cool down somewhat, 
and when at the proper temperature, water is sprinkled over 
the surface, whereby a crust is formed which can be removed 
as a thin disc of a rich red colour, constituting '' rosette 
copper;'' this operation being repeated until nearly the whole 
contents of the hearth has been removed in this form. During 
the cooling down, preparatory to sprinkling water upon its 
surface, the phenomenon known as ^^ copper rain" is observed, 
in which minute shots of copper are thrown up in consider- 
able quantity from the surface of the metal, the occurrence 
or otherwise of the copper rain appearing to depend upon 
the proportion of cuprous oxide contained in the metal; for 
if void, or containing only small quantities of the oxide, the 
rain is very perceptible, while with larger quantities the 
surface of the metal sets without throwing up any rain. 

The discs of rosette copper obtained in the above manner 
are then remelted for t<mghening, trial specimens being taken 
out as before to ascertain its degree of toughness; and when 
it has attained the proper condition, it is then ladled into 
ingot motdds. 

The process of copper smelting adopted at Fahlun and 
other places of Sweden, ITorway, etc.^ do not difier essentially 
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from that described as carried on at Atridabefg. At FaUtai 
the ores are somewhat poorer than those of Atvidabe^f and 
the soft ores only are roasted, the hard ores mixed with the 
roasted ores passing at once to the blast fdmace. 

84. Copper Smelting in Japan. — ^In the preparation of 
Japanese copper the ore is first roasted in kilns along with the 
required fuel, and the roasted ore is smelted with charcoal in 
small primitive furnaces, supplied with a blast from bellows 
worked by manual labour, ther^ti^ or coor^e^fiMto^ soobtained 
(if the ore be rich the ooarse>metal is accompanied by a pro- 
portion of metallic copper, forming the lowermost stratum in 
the furnace) is again roasted and remelted, after which it 
passes to the foundry, where it is refined under a blast of 
atmospheric air, and the refined metal is then melted in 
crucibles and cast under warm water into small ingots of 
about 1 lb. in weight; and in this manner the ingots are 
obtained with a clear bright surface of a rich red colour. 

26. Smelting of the Mansfeld Copper-schist — ^The ore of 
this district (Prussian Saxony), is an argillaceous and argenti- 
ferous copper-schist, occurring between the lower Permian 
sandstone and the magnesian limestone of the Permian for- 
mation, and constitutes the Kupferschiefer of the Crermans. 
It forms a bed 10 or 20 inches in thickness, lying on a sand- 
stone which is also, to the depth of 2 or 3 inches, sufficiently 
cupriferous to be profitably smelted. The schist is largely 
impregnated with bitumen, and contains copper disseminated 
as copper pyrites, vitreous copper, purple copper ore, grey, 
black, and red copper ores, with native copper, and these 
are accompanied constantly or occasionally by a large number 
of other minerals, amongst which are iron pyrites, zinc blende, 
kupfemickel, smaltine and other cobalt ores, with occasion- 
ally galena, ete., besides calcareous, silicious, and argillaceous 
matters in large proportion. The schist is very poor in copper, 
but owing to its argentiferous character, it can be profitably 
smelted if it contain not more than from 2 to 2|- lbs. of 
copper per centner of ore, or from 2 to 3 per cent of copper, 
the product usually containing about 0*5 per cent, of sUver. 
The smelting of this schist is carried on at Mansfeld, Eisle- 
ben, Friedeberg, Sangerhause, and other districts of Prussian 
Saxony. 
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The smeltiiig of the schist involves some eight or nine 
distinct operations, both the blast and reverberatory furnace 
being employed in its reduction. The raw ore or schist is 
£rst hand-picked and then roasted during eight, ten, or twelve 
"^eeks in pyramidal heaps or in kilns, in the manner described 
-when treating of the Swedish copper smelting, the bitumin- 
ous matters often being sufficient to carry on the combustion 
after being once ignited, whilst the less bituminous ores are 
not roasted. In this operation the bitumen and water are 
largely expelled, and a portion of the arsenic, antimony, and 
sulphur in the schist are also oxidized and eliminated. The 
roasted ore is then mixed with from 5 to 8 per cent, of fluor 
spar, and a like proportion of cupriferous slags from the 
subsequent stages of previous smeltings, along with other 
furnace residue; this mixture being smelted in small blast 
furnaces, using coke as fuel. The furnace employed, until 
recently, was from 18 to 20 feet in height, and had two 
twyers placed on the same or opposite sides of the hearth, 
the latter being square in section; while from the top of the 
hearth to the mouth the furnace is cylindrical in section, 
the bottom of the hearth sloping forward. In front of it are 
two pits or receptacles, each communicating with the hearth 
by a separate opening in the front of the furnace, from each 
of which apertures the regtdus or slag flows alternately into 
the basins; for as one receptacle Alls, its tap-hole is stopped 
and the other opened, and so on, so that the flow of melted 
matter is continuous, while the supply of ore and fuel to 
maintain it is added continually at the mouth of the 
furnace. 

Latterly, the blast furnace (figs. 10 and 11) has been in- 
troduced ; it is 30 feet in height by 6 feet in diameter, and 
is provided at the top with an apparatus for collecting the 
waste gases. These furnaces are driven by hot blast, and 
aflbrd a daily yield about four times as great as the former 
furnace. The regulus collects in the hearth of the furnace, 
and is tapped out for granulation therefrom, through the 
tap-hole a, along the trough d, into the water cistern b; 
while the slag is tapped from the aperture c at a somewhat 
higher level, at the opposite side of the furnace. The pro- 
ducts of this smelting are coarse-metal or " J^ohstein/* con- 



tainiDg from SO to 40 per cent of copper, with from ^ to J 
per cent, of Bilver j and a slag vhich is mouldeil into bricks 
hilat in its pasty state, 
id then used as a build- 
^material. Theooarae 
letal or Bohstein is 
noken up and roasted 
ice or twice in stalls 
: bins, for the separa- 
on of sulphur, etc, the 
nnbuation being eom- 
lenced by a layer of 
ruahwood placed in the 
[>ttom of tiiei bin, after 
'hich it is contisued by 
le oxidation of the sal- 
biir in the ore, and will 
gually last for from ten 
) twelve days, when the 
re will have burnt out 
The roasted regulua is 
nelted, with the addi- 
on of slags from the 
Mond operation, and of 
THB Maksibld SomsT. quartz in the form of 

sand; the fusion being 
effected in a.reverberatory 
furnace, resembling the 
Welsh furnace employ- 
ed at the corresponding 
stage, the slag being 
( skimmed off from the 

surface of the melted 
metal through a side 
door, and the conceniraUd 
metal, reguhis, or "Spur- 
stein," as the product is 
called, is tapped out into 
Fig. ll.-PLAH OP THB MiNsrajj '^^'^ f<«" gTwiuhttioii. 
BLAaT^FDBHAoe. The fuel employed in 
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this fomon is a mixtare of English coal, with a brown coal 
or lignite occnrmg in the neighbourhood. 

The three enBuing operations of grinding and roasting of 
the concentrated regnlus, and Hxiviation of the roasted pro- 
duct, for the extraction of sulphate of eilver, are (aa ■will be 
Bnhsequently described under the Ziervoge! process for the 
extraction cf silver) for the desilTerization of the metal. 



Fig. 12.— KUPFBIUilAlICHZttD, I 

Blige Co 

The desilverised residue, containing about 70 per cent of 
copper, chiefly as oxide, is mixed with 8 per cent, of clay, and 
sufficient water to allow of its being moulded by hand into 
balls of some i inches in diameter, which are then dried in hot 
chambers, and introduced along with stamped quartz or sand, 
ore-furnace bIe^, and either from 1 to 2 per cent, of theregulus 
from the previous conduct of this stage, or with iron pyrites 
free from silver, into a blast furnace along with alternate layers 
of coke, the furnace being driven by cold blast. The products 
of this operation in ascending order are blaek or " blister cop- 
per," forming two-thirds of the yield; then a layer of a "thin 
regttlus " or " matt," befrween the blister copper and the slag, 
which regulus is returned for smelting in the same furnace, 
at a subsequent charge; while upon the top of the regulus is 
the "dag" forming about 30 per cent, of the yield, and 
which is broken up and sorted for the separation of any 
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reguluB it may contain. The blister copper obtained in this 
smelting or fusion is refinedy partly in reverberatory furnaces 
and partly in the German refining hearth (fig. 12), holding 
about 5 cwt. of metal, and in which the metal is refined under 
charcoal by a blast of air introduced through the twyer d^ 
inclined at an angle of about 10^ downwards; and when the 
metal has attained the proper condition, determined by trial 
pieces taken out on the end of a bar of iron, its surface is 
cleared of charcoal, etc., water sprinkled upon it, and the metal 
removed in cakes as " rosette copper^* in the manner already 
described, which rosette copper, if required for hammering or 
tcmghrpUch copper, is toughened by melting down and poling 
in a reverberatory furnace after the method pursued in South 
Wales. The slags produced in the German refinery towards 
the end of the process are of a deep-red colour, and are ex« 
tremely rich in cuprous oxide. 

S6. Copper Smelting in Russia. — ^The ore smelted at 
Perm, in Kussia, is a cupriferous sandstone, yielding only 
from 2 to 3 per cent^ of metallic copper, the metal in which 
exists chiefly in the oxidized state as blue carbonate of 
copper, malachite, chrysocolla (hydrated silicate of copper), 
oxides and vanadiate of copper, with occasionally a little 
native copper, and rarely vitreous copper and copper or iron 
pyrites. This sandstone is smelted in cupola blast furnaces, 
resembling those described as in use at the Swedish works of 
Atvidaberg, but differ in having only one twyer, the smelt- 
ing being effected with cha/rcoal as the fuel, and about 30 per 
cent, of dolomite as a flux, rich refinery slags and slags from 
this same operation being also added to the charga The 
compounds of copper, iron, etc., of the ore are thus heated 
in contact with charcoal, and in a reducing atmosphere of 
carbonic oxide, whereby both iron and copper are reduced; 
the iron, as explained imder pig-iron, combining with a pro- 
portion of carbon, and in this case, at the same time, taking 
up a quantity of copper; and there thus occurs in the furnace 
hearth *' hlach copper" " cupri/eroi^ pig4ron" and " slag" 
A furnace charged with the materials as above, smelts from 
3 J to 4 J tons of ore per day of 24 hours; the metallic pro- 
ducts (black copper and cupriferous pig-iron) being withdrawn 
from the furnace at intervals of 24 hourS; while the slag 
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rans out from the fore-heaxth as the metal collects. The 
cupriferous pig-iron, forming a stratum above the black 
copper, is removed in discs by sprinkling water upon its 
surface, whilst the black copper is either removed in the 
same manner, or is ladled out into ingot moulds. 

The cfwpriferouB pig-iron is a whitish, hard, granular body, 
containing from 3 to 12 per cent, of copper, paiiily in shots 
or grains disseminated throughout its mass, and for the sepa- 
ration of its copper, the discs are smelted with charcoal in a 
small hearth having a silicious lining, whereby black copper 
and a fusible slag of ferrous silicate results. Should this slag 
be v/ndean, i,e,, still retain more than -5 per cent, of copper, 
it is melted in the blast or ore furnace along with o£her 
slags, when there results a highly cupriferous deposit or 
^^hecuTy* from which the copper is extracted as from the 
cupriferous pig-iron, by treatment on a smaU hearth; and 
accompanying the ^' hea/r^ is a slag less basic than the former 
one. 

The hlack copper is refined in a reverberatory furnace, having 
a slightly concave heaiiih formed of clay and coal-dust, and 
which slopes from the fire-bridge to the opposite end, where 
the slags flow out, and which end is also in communication 
with two circular cavities, into which the metal is withdrawn, 
and from whence it is either taken off in discs or ladled into 
moulds. One or two twyers placed at one side of the furnace, 
opposite the working door, direct a blast of air upon the sur- 
face of the melted metal, whereby the iron is oxidized and re- 
moved in the slag; for facilLbating whidi, either silica (sand) 
is thrown upon the surface of the metal during the refining 
process, or, after the metal is melted, the blast is turned off 
and a quantity of pyritic ores (sulphides of copper and iron) 
along with silicious matters, are introduced and thoroughly 
melted with the charge; when a double decomposition ensues, 
whereby the oxide of copper in the slag and in the metal is 
converted into sulphide, which remains with the copper on the 
hearth, while the iron is oxidized and escapes in combination 
with silica as a flux or slag; and after l^e removal of the 
slags, the blast is again let on, and the refining continued for 
the removal of sulphur, etc., its progress being determined 
by samples taken out in the usual manner. From 2 to 3 
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tons of the black copper is refined at eacli chaige of one of 
these furnaces. 

REDUCTION OP COPPER BY "WET" PROCESSES. 

The ''wet methods" for the extraction of copper are only 
practicable in disixicts where fuel is dear, and the ores are 
very poor in copper, or in which the metal exists in a special 
state of chemical combination, such as very poor sulphides, 
oxides, or carbonates of copper, occurring in a silicious or 
other insoluble non-calcareous matrix or gangue; or where 
the metal exists as a salt of copper already dissolved in 
water, as in the waters flowing through certain copper mines, 
etc. The wet methods are also sometimes applied to richer 
ores if they contain silver, which can be extracted at the 
same operation; while in all cases the copper, precipitated or 
separated by a wet process, requires /umng and refining before 
it possesses sufficient malleability and ductility for application 
to most purposes for which copper is used. Iron is l^e usual 
precipitant employed in these processes, but calcic sulphides, 
ferric chloride, and sulphuretted hydrogen are also employed. 
The wet methods of extraction are pursued at linz in "West- 
phalia, at Bio Tinte, at Schemnitz, and other places on the 
Continent, and formerly also at Alderley Edge, Neath, etc., 
in England. 

27. Bankart's and other Processes. — Bankart's process 
was for a short time carried on at Neath, in Glamorgan- 
shire, where the ore operated upon was the rich sulphide of 
copper imported from Cuba, such ores yielding about 16 per 
cent, of copper. These Cobre ores were ground to powder 
and roasted in charges of about 2 tons, during 24 hours, in a 
calcining furnace, constructed so that the products of combus- 
tion from the fire might pass along a flue beneath the bed, and 
not over the roasting ore, while air was admitted to the hearth 
through the bridge and at the sides of the furnace. During the 
roasting much sulphur is eliminated as sulphurus anhydride, 
whilst another portion is converted into sulphuric acid, which 
combines with the oxides of copper and iron formed daring 
the calcination, with the production of cuprous and ferrous 
sulphates, and on carefully raising the tempemture of calci* 
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nation, tlie feirous sulphate, wliicli is decomposed at a lower 
temperature than the cuprous salt, is converted first into the 
basic persulphate and eventually into ferric oxide, with the 
evolution of anhydrous sulphuric acid (SO3), which serves to 
convert a further portion of the oxide of copper into cuprous 
sulphate. When the roasting is completed the charge is 
witiidrawn from the furnace, and transferred to a series of 
dissolving vats having perforated false bottoms covered with 
canvas, the water for solution being introduced on to the top 
of the roasted ore in the first of the series, and is drawn 
successively from the first to the next below it, and so on to 
the last of the series; a jet of steam along with the water being 
likewise sometimes introduced for the better solution and ex- 
traction of the soluble salts of copper. In this manner cuprous 
sulphate and small quantities of ferrous sulphate are dissolved 
out, when the solution so obtained is trauEferred to the pre- 
cipitating vats, i,e.f vats containing fragments or plates of 
cast and wrought iron. The solution passing from the highest 
to the next lower in the series, and remaining for a little 
longer time in each one of the series, from the first to the 
last, the solution depositing a proportion of its copper upon 
the surface of the iron plates in each vat; CuSO^ + Fe = 
FeS04 + Cu, the copper so deposited requiring to be de- 
tached at intervals from the plates. The escaping water 
contains ferrous sulphate, and this is separated by crystalliza- 
tion, constituting a bye product of the Jroceas. 

The residues from the lixiviation vats after drying are 
mixed with fresh ore, again roasted and passed through the 
same processes of lixiviation and precipitation for the more 
perfect extraction of the copper; this cycle of operations 
being repeated usually three times upon the same ore, with 
the addition of a quantity of a more highly pyritic ore at 
each roasting. The necessity of grinding the ore; the loss of 
copper from leakage, along with the loss in the residual ore, due 
to imperfect lixiviation, and to the presence of oxide of copper 
not converted into sulphate, or which after conversion has 
been again decomposed by the use of a too high temperature 
\XL the roasting operation, the amount thus left in the residue 
beipg in excess of that thrown away in the ore furnace slag; 
these, together with the great bulk of materials to be operated 
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upon, and the inabiliiy of the process to utilise the slag pro* 
duced in the subsequent refining of the meta!, have led to a 
discontinuance of tiie process. 

In other processes for the conversion of eupr<ms stdphide 
into sulphate by oxidation, the roasting is conducted in 
mounds, or heaps, or in kilns, as in '' kernel roasting^* page 
67, the product being treated either directly with water, 
or first with sulphuric acid, and then with water; or the 
roasted mass is sometimes treated with hydrochloric acid for 
obtaining the copper in a soluble form before lixiviation. 

Wet processes have also been proposed by Escalle, Hahner, 
Henderson, Birkmyre, Gk)S8age, Longmaid, and numerous 
others; the first three mentioned converting the copper into 
a chloride before precipitating the copper; and for this pur- 
pose M. Escalle calcines the finely-powdered ore in a rever- 
beratory furnace having two beds, ihe ore being calcined on 
the one and then drawn forward on to the second, and there 
treated with hydrochloric acid, when the chlorides so obtained 
are separated by lixiviation, and the copper precipitated as 
sulphide by the addition of calcic sulpludes (the residues 
from soda and soap works); when as soon as the whole of the 
copper is precipitated, and before the other metals are pre- 
cipitated in sensible amount, the addition of calcic sulphide 
is discontinued, and the supernatant liquid is drawn ofii 
The cuprous sulphide is then dried, compressed, and smelted 
with charcoal in a blast furnace. 

Hahner and Henderson in their methods propose to con- 
vert the copper into chloride by treating the ore with 
dilute hydrochloric acid, or by heating the ore with sodic 
chloride (common salt), when ferric, antimonious, and arseni- 
ous chlorides are largely volatilised, and from the solution 
of the chlorides of copper, etc., obtained by treating the 
residue with water, the copper is then precipitated by bar- 
iron in the usual manner. Copper and silver are in this 
manner sometimes separated from the residues left after 
roasting pyrites for the manufetcture of sulphuric acid; the 
chlorides of copper and silver produced by roasting the 
pyritic residue with sodic chloride in a reverberatory furnace 
being dissolved out by treatment with water, since argentic 
chloride (AgOl), although insoluble in water, is soluble in a 
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solution of sodio chloride (NaCl), and from this solution 
the silver is first precipitated as iodide, by the addition of zincic 
iodide, and the copper in the mother liquor is then separated 
by treatment with scrap-iron. 

The Spanish, Portuguese, and Norwegian pyrites imported 
into this country yield, after burning for the manufacture of 
sulphuric acid, residues which are treated by the method of 
Mr. Henderson for the separation of the 4 or 5 per cent, of 
copper which they contain. The burnt residues are mixed 
BO as to contain copper and sulphur in about equal proportions, 
when from 12 to 15 per cent, of coarsely-powdered rocksaU 
is added to the mixture, which is then ground and sifted. 

Charges of about 3 tons of the mixture of groimd ore and 
rock-salt are then carefully roasted or calchied in reverberatory 
furnaces, which in the Lancashire works are fired by gas; 
the calcination being continued for about six hours, or until 
samples taken from the hearth yield, after treatment with 
boiling water, a residue which, when boiled with hydrochloric 
acid and ammonia then added to the acid solution so obtained, 
affords little or no blue colouration, indicating that the whole 
of the copper has been converted into a condition soluble in 
boiling water. By this calcination the sulphur of the ore is 
oxidized, and if the temperature has been properly regulated, 
then sodic sulphate with cuprio chloride result, both of which 
are dissolved out in the hot water. The calcination being 
completed, the charge is now raked from the furnace, and at 
once introduced into large wooden lianmating vats, provided 
with false bottoms, and the calcined product is here treated 
with hot water and the we^k liquors obtained towards the 
close of a previous Hxiviation; for the calcined product re- 
ceives some eight or nine successive washings, and it is the 
wash- water obtained in these latter washings that coustitute 
the above weak liquors which are first run into the vats. 

The liquors obtained in the above lixiviation, if they con- 
tain silver, are first treated with a soluble iodide, by which 
the silver is separated as an insoluble iodide, which is allowed 
to settle, after which the filtrate is conveyed direct to the 
precipitating tanks, which are partially filled with scrap-iron. 
The precipitated copper is separated as completely as possible 
from the iron with which it is mixed by careful washing, 
19— U. fi 
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etc., and by this means the product obtained contains &om 
70 to 80 per cent, of copper, which is then either smelted 
for blister copper, or is melted with fine metal and after- 
wards refined. 

Birkmjne roasts the powdered pyrites with sodic nitrate 
with access of air, and precipitates by metallic iron the 
copper obtained in solution on lixiviation of the mass. 

At AJderley Edge^ the ore, consisting of arsenate, carbonate, 
phosphate, and oxide of copper, disseminated in a sandstone, 
is treated with crude hydrochloric acid, when the solution 
obtained by lixiviation of the mass is treated with a salt of 
iron for the precipitation of the arsenic, which thus falls as 
arseniate of iron, after which the copper is precipitated by 
iron plates, the refuse of the manufacture of tin-plate, or old 
tin plates freed from lead. 

28. Cement Copper. — ^This is the name applied to the 
copper deposited from the waters of certain mines, when such 
is brought into contact with plates of iron. Thus the water of 
the Almwich mine of Anglesea, and the mines of Wicklow, 
SchmoUnitz, etc., contain cuprous sulphate in solution, and 
for the extraction of its copper the water is conveyed into 
pits or tanks containing scrap-iron or iron plates. The water 
that has fallen upon exposed heaps of copper ores, as well as 
the water pumped from the mines, is utUised in this opera- 
tion; and the vats or tanks which, at Anglesea, are about 100 
feet in length, with corrugated or furrowed bottoms, are par- 
tially filled with old iron, such as tin-plate chippings, and are 
arranged in terrace form, so that the water flows into the 
top or head pit, from which it is drawn off after the neces- 
saiy interval into the second tank, and so on to the end of 
the series, the number of vats comprised in the series depend- 
ing upon the quantity of water and the amount of copper it 
contains. The water is finally drawn off at the end of ten 
weeks, and the deposited matter is well washed with the 
water, remaining in the hollows of the corrugations in the 
vat bottom; while the mud or schlich obtained is passed into 
pits where it settles into slimes, which, when stiff, are placed 
on the top of the reverberatory furnace for drying, after 
which it is passed through sieves, and then melted. The 
precipitated matter on the floors of the first four pits or vats 
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is put together as tlie best, wliile that from the middle six 
vats forms the second quality, and that collected from the 
remaining vats contains only about 5 per cent, of metallic 
copper, and constitutes the lowest class. In this process, in 
addition to the copper, an ochreous product is obtained, con- 
taining ferric oxide, etc., along with some copper, and which 
is sold as an ochre. The copper obtained by this process is 
very pure, possessing a high degree of malleability and 
ductility. 

At Wicklow the water from the mine passes along an 
inclined channel or trough, across which at intervals are 
introduced plates of iron over which the waters flow, and 
deposit the copper from the cuprous sulphate held in solu- 
tion by the waters; the trough being intercepted at intervals 
with deep tanks for the deposition of precipitated matters. 
At Schmbllnitz the water is pimiped into a series of pre- 
cipitating vessels in which cast-iron plates are arranged like 
lattice-work, the deposition of metallic copper and ferrugin- 
ous matters occurring in the manner already described. 

29. Kernel Boasting. — ^This is a method of treatment 
adopted (with ores which are poor in cuprous sulphide, but 
much richer in ferrous sulphide, and very free from gangue) 
at Agordo in the Venetian Alps, and elsewhere, for the 
concentration of the cuprous matters in an inner nucleus or 
kernel of the pieces of such ore, while the outer crust or shell 
of the ore, after roasting, consists largely of ferric oxides. 
For this purpose the ore is broken into pieces of some 2 or 3 
inches in diameter, and is roasted either in piles or in kilns. 
The truncated or pyramidal heaps employed each contain about 
200 tons of the ore, which is arranged upon a layer of wood for 
commencing the combustion, the wood itself resting upon a 
layer of ferruginous residues from a previous operation, and 
the whole is covered with a coating of the same matters, or of 
ore which has been once roasted. After kindling the wood at 
the comers of the pile, the combustion proceeds slowly, the 
oxidation of the sulphur in the ore continuing the process 
for from eight to ten months. When completed, and the pile 
has cooled^ the pieces of ore on examination are found to 
consist of an outer ferruginous crust, which can be detached 
by the hanune?: from ai^ inner nucleus or kemel of copper 
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regulufl, consisting of the sulpliides of copper and iron; ihe 
kernels forming from 12 to 15 per cent, of the on^nal 
volume of the ore, and containing from 4 to 5 per cent, ot 
copper, while the original ore contained only about I'D per 
cent, of copper. 

The kernels are smelted in small cupola blast fumades, 
along with other richer ores, containing from 4 to 8 per cent, 
of copper, the metal being subsequently refined; while the 
cru8t8 or shells are treated with water for the extraction of 
any cuprous sulphate which they contain, the residues after 
this treatment constituting when dried the matters which, 
as already noted, form the first layer at the base, as also the 
covering of the heaps or piles, such matters after the second 
roasting in this manner being again lixiviated, and a further 
proportion of cuprous sulphate extracted therefrom, the metal 
thus separated being precipitated from the solution by treat- 
ment with metallic iron. In this process a large proportion of 
the sulphur in the ore is lost, only a small proportion, and that 
mostly in the earlier stages of the operation, being collected 
as it sublimes from the various points in the surface of the 
pile. 

In the more modern practice adopted in kernel roasting, 
the ore is roasted in kilns, figs. 13 and 14. These are 
rectangular chambers enclosed by four walls, in which axe 
cavities c c, each communicating with the interior by nine 
channels, which serve for the collection of sulphur during 
the roasting operation. Along the sides and at the comers of 
the kiln also are channels a a, communicating "with small 
receptacles b 6, for the collection of any sulphur collecting 
on the bed of the kiln. The bottom of the Viln consists of 
a series of low pyramids, which divide it into a number 
of compartments, the apices of the pyramids being situated 
along the median line of the kiln; while along the edges and 
Bides of these pyramids are gutters communicating with others 
leadmg to the exterior, and these serve for distributing the air 
throughout the mass, as also for the collection of sulphur. 
Ihe front wall of the kiln is taken down and rebuUt at each 
withdrawal and introduction of the charge. These kihis 
roast about 3 tons of ore at a time, the charge, in alternate 
layers of large and small ore, being UoducelVtolS^ 



litter taving previously inserted at the comers a quantity of 
■wood for commencing the eombuation; and at the apex of 
each pyramid on the bed of the kiln, a sort of perforated chim- 
ney is erected with the larger pieces of ore, which thus com- 
miinicatea with the different parts of the mass of the charge, 
and distributes the air more uniformly throughout the kiln. 




Fig. 13. — Seotiohal Elevation ov Knji roB Eerkbl BoASirHS. 



The roasting im kUns occupies &om five to Bis months for 
its completion, and is attended with the collectioa of a larger 
proportion of the sulphur than occurs when roasting in piles 
18 adopted; but the yield of kernels or concentrated regulus 
Is much the same as that resulting from the treatment of the 
ore in piles. While the pieces of roasted ore are treated in 
exactly the same manner as in the last method, viz., separation 
and smelting of the kernel, and lixiviation of the cnist or rind. 
Pieces of the ore, examined in the earlier stages of this 
process, exhibit on breaking across a thin external layer re- 
sembling ferric oxide, then a shell of matter like copper 
pyrites, within which is a nucleus of unchanged ore. At the 
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middle stage of the process, the ore shows on fracture an 
inner nucleus of unchanged ore, enveloped in a layer possess- 
ing a somewhat metallic lustre, and resembling purple copper 
ore; and outside of which is a layer having the appearance 
of copper pyrites, while externally is the crust of ferric 
oxide. In the concluding stage of tiie process the concentra- 
tion is complete, and the pieces of ore exhibit a nucleus of a 
concentrated copper regulus, enveloped in an outer crust or 
shell of ferruginous matter. 

80. Loss in Copper Smelting. — ^The loss of copper incurred 
in smelting by the Welsh process must be considerable, since 
the ore-furnace slag contauis about 0*5 per cent, of copper, 
while the bottoms of the ore furnace, metal furnace, and roast- 
ing furnace, as also the refinery absorb considerable quantities 
of the metal, which is, however, to a large extent, subse- 
quently recovered; in addition to which there is a sinall loss 
occurring in the copper rain, and in the particles of copper 
carried over in the smoke. 

By smeltrag copper in the blast furnace, as practised in 
Sweden, the loss, which amounts to *25 per cent, of the 
weight of ore operated upon, is to be found chiefly in the 
ore-furnace slag, while in kernel roasting the loss amounts to 
about 7*214 per cent., or -^th of the total amount of copper 
in the ore. 
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LEAD. 

81. Properties. — Lead is a bluish-grey, tasteless metal, 
wlicli emits a peculiar odour when rubbed, and which may- 
be cut by the knife, or scratched by the nail. The freslily 
cut surface presents a metallic lustre, but its brilliancy dis- 
appears very quickly when exposed to the atmosphere, owing 
to the formation of a film of plumbous suboxide upon its 
surface; it also leaves a grey streak upon paper. Lead is both 
malleable and ductile at the ordinary temperature, being 
placed sixth in order of malleability* of the metals, and 
ninth in the order of ductility; but these qualities are very 
materially influenced by the presence of impurities, as plum- 
bic oxide, etc., in the metal; and also the metal is consider- 
ably more ductile after rolling, than it is in the cast state; 
while in tenacity this metal is very inferior, a wire xV*^ ^^ 
an inch in diameter breaking under a load of 20 lbs.; yet it 
is tough and flexible, and may be bent backwards and for- 
wai-ds without emitting any sound under the treatment; and 
when gently heated, the metal may be squirt^, upon the appli- 
cation of pressure, into the form of hollow tubes or solid rods. 
Lead emits a dull sound when struck with the hammer, but 
if cast in the form of a spherical segment it becomes some- 
what sonorous. It crystallises in octahedra, while if heated 
to a temperature just below its melting point it becomes 
brittle, and assumes the columnar structure like tin under 
like conditions. The specific gravity of lead at 0°C. is given 
byKupfer as 11 '3303, and by Berzelius as 11 '445; while 
all metals alloyed with it tend to lower its density. Its 
specific heat between 0° and lOO^C. is -0314 (Regnault), and 
its dilation by heat is -000030005 per imit of length for each 

* Vol. L, p. U. 
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degree between O^C. and lOO^C. It melts at a temperature 
of about 326''C. (618-8''E.), and is not adapted for taking 
casts, etc., of objects, since it contracts on solidificatioii and 
cooling; its latent heat is 5*369. Lead is not sensibly vola- 
tilised below a white heat, when heated in closed vessels out 
of contact with the atmosphere; but with the access of air, 
fumes of plumbic oxide are sublimed at a bright red heat; 
and the metal, if obtained in a very fine state of division, is 
pyrophoric. It is a very inferior conductor of heat and 
electricity. Two clean siufaces of the metal, when presented 
together and pressure applied, adhere or become welded; and 
in like manner, lead, in a fine state of division, may be 
welded into a solid mass by applying pressure in a suitable 
apparatus; in like manner, if a perfectly clean sheet of lead 
and another of tin be rolled together, a compound plate 
results in which the constituent sheets are apparently welded 
together. Lead in the massive state is unacted upon by dry 
air or oxygen at the ordinary temperature, but in moist air 
the metal is quickly tarnished, and if heated to bright red- 
ness, it is rapidly oxidized. 

If lead be boiled with water containing free oxygen, the 
water quickly affords an alkaline reaction; but if the water 
be void of dissolved oxygen, then it is without action tipcm 
lead; in this manner, when lead is exposed to the combined 
action of water and air, the metal is oxidized, and the oxide 
so formed is dissolved in the water, from which it is deposited 
as an hydrated carbonate by the absorption of carbonic 
anhydride from the atmosphere, so that lead exposed to these 
conditions is subjected to a gradual corrosion- The presence 
of chlorides and nitrates promote this action, while sulphates, 
phosphates, and carbonates exercise a preservative influence 
upon lead; but water containing much carbonic anhydride is 
especially destructive upon lead, and therefore dangerous for 
domestic use after exposure in leaden vessels, since such 
water converts the plumbic carbonate first produced into an 
acid carbonate which is soluble in water. 

Nitric acid dissolves lead even in the cold with the produc- 
tion of plumbic nitrate and the evolution of nitric oxide; 
while concentrated sulphuric acid, if heated to the boiling 
pointy converts the lead into plumbic sulphate with the libera- 
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tion of sulphurous anhydride; but the weak acid in the cold 
is almost without action upon the metal. Hydrochloric acid 
lias little or no action upon the metal^ but acetic acid, or its 
vapour, in the presence of the ^.tmosphere, rapidly attacks 
lead. When lead is heated with cupric oxide, the latter is 
reduced to the state of cuprous oxide with the oxidation of the 
lead. The chemical symbol of lead is Pb, and its atomic 
weight is 207. 

Commercial lead is frequently almost pure, yet small quan- 
tities of silver, copper, antimony, tin, and sulphur, with 
occasionally iron, arsenic, zinc, and manganese are present in 
it; the un?u™ 1^ being usudly someXt wHter^and less 
soft than pure lead, while these impurities are also injurious 
in its application to the manufacture of white-lead, as in other 
of its technical applications. 

The more important applications of this metal to the 
arts and manufactures are for the production of sheet- 
lead and lead pipes^ the former employed by the archi- 
tect as a material for the protection of roofs, the lining of 
water tanks, sulphuric acid chambers, etc., while the pipes 
are of universal application for conducting and distributing 
water or other liquids over different areas; and also owing to 
its comparative immunity from action by atmospheric influ- 
ences, it is adopted in the form of wire for certain horticul- 
tural applications; while this metal is extensively employed 
in the manufacture of a series of important alloys, as shot, 
Britannia metal^ etc. 

32. Lead and Oxygen. — Lead combines with oxygen in 
several proportions, yielding plumbous and plumbic oxides, 
plumbic peroxide, and mixtures or combinations of these 
three; of these plv/mbic ooddey mussicot, or litharge, and the 
oxide constituting minium or red-kad, are of considerable 
metallurgical importance. All the oxides of lead are reduced 
to the metallic state upon heating to redness with charcoal. 

Plumhom oxide or suboxide of had (PbgO) results as a 
duU black powder when plmnbic oxalate is cautiously 
heated without access of air. It takes Are when heated in 
the air; and is rapidly oxidized with the formation of plum- 
bic hydrate, when the moistened oxide is exposed to the 
atmosphere. The grey film mentioned as forming upon the 
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freshly cut surface of metallic lead, is stated by Berzelius ta 
consist of plumbous oidde. - ^^ .. 

Fhimbi/G axidey masavGot^ or litha/rge (FbO) may be ob- 
tained by heating plumbous nitrate, carbonate, or oxalate 
in contact with the atmosphere, at a temperature insuffi- 
cient to melt the oxide prc^uced, when massicot results as a 
lemon yellow powder. This oxide also occurs native as lead 
ochre, but on the large scale, the products known commer- 
cially as litharge and massicot respectively, are prepared by 
freely exposing molten lead to the oxidizing influence of the 
atmosphere, whereby, if the temperature be maintained 
below the melting point of the oxide so produced, then there 
results a yellow powder constituting " masdcot/' whereas, if 
the temperature be raised sufficiently high to melt the result- 
ing oxide, then it assumes the form of a yellow or reddish- 
yellow crystalline mass, known as "lUkarge;** which two 
products, though differing widely in certain physical quali- 
ties, are yet identical in chemical composition. An imptire 
litharge results as described on p. 274, during the English 
and German methods of cupellation. The mcmttfacture of 
massicot is conducted by melting lead upon the flat hearth of 
a kind of reverberatory furnace or oven, which is main- 
tained at a low red heat, while the film of oxide, or massicoti 
13 removed from the surface of the molten metal as rapidly as 
it is produced; after which the product so collected is freed 
by grinding and subsequent levigation in the manner described 
on page 78, from any metallic lead which it may retain. 
The litharge obtained from the cupellation furnace is often 
very impure, being contaminated with ferric oxide, cuprous 
and cupric oxides, silica, antimonious oxide, etc., derived 
from the crude argentiferous lead under treatment. - • 

Plumbic oxide may be obtained amorphous or in distinct 
crystalline forms, whilst its colour depends upon its state of 
aggregation, as also if previously fused, whether the cooling 
has been effected slowly or rapidly; since it assumes a reddish- 
yellow' colour if cooled slowly, while rapid cooling tends to 
produce the yellow variety; and litharge, when reduced to a 
fine powder as by grinding, assumes a buff "^ colour, while in 
heating to redness, litharge passes through various shades of 

" * Percy, Metallurgy, Vol. I. 



tei and purple^ but recovers its yellow colour upon cool- 
ing. Lithai^e melts at a red heat to a clear, transparent, 
orange colou]^ liquid, which rapidly permeates and destroys 
earihen crucibles; it is a powerful base, and constitutes the 
salifiable oxide of lead, it also dissolves in potash, or soda, 
and in barytes or lime water. This oxide is reduced even at 
dull redness by carbon, coke, carbonic oxide, hydrogen, or 
cyanogen; and since plumbic oxide is one of the easily 
reducible oxides, the temperature required for its reduction 
by carbon, being below that at which carbonic cmhydride is 
reduced to cwrbonio oxide by contact with carbonaceous 
matters; it hence follows that carbonic anhydride and Tiot 
carbonic oxide is evolved in its reduction by carbon. When 
exposed at a low red heat for a considerable time with access 
of air, the plumbic oxide is converted into the higher oxide, 
known as minium or red-lead. Litharge, when heated with 
many metallic oxides, yields fusible compounds, although these 
oxides when heated alone may be perfectly infusible; thus 
fusible products are obtained by heating litharge with iron 
scales^ ferric oxide^ manganous oxide, stannic oxide, etc.; 
but these various oxides require different proportions of 
litharge to effect their fusion, thus plumbic and cuprous 
oxides in equivalent proportions yield a very fusible product 
which rapidly attacks the crucible in which it is heated. 
Ferric oxide in like manner requires four times its weight, 
adncic oxide eight times, and stannic oxide from twelve to 
thirteen times its weight of plumbic oxide to effect its fusion. 
Arsenious anhydride also melts with plumbic oxide, yielding 
a characteristic waxy-looking brown-yellow compound; and, 
if heated with sulphur in not too large proportion, litharge 
acts as an oxidizing agent, evolving sulphurous anhydride, 
and liberating an equivalent of lead,^without any plumbic 
sulphate being produced. Litharge also acts as an oxidizing 
agent when heated along with various metals, yielding an 
oxide of the metal with the separation of more or less 
metallic lead; such a reaction occurring when copper, zinc, 
and notably iron are the subjects of operation. 

FhmUnc hydrcUe^ or the hydrated plumbic oxide, 'is pre- 
pared by adding a solution of the- neutral plumbic acetate 
to an excess of ammonia, when this compound falls as a 
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wMte precipitate, rapidly absorbing carbonic anhydride if 
exposed to the atmosphere; it gives up its water on the 
application of heat, yielding the smhydrons oxide. If potash 
be used instead of ammonia as the precipitant, the precipi- 
tated oxide is always mixed with more or less basic salt o^ 
lead. 

Hed oxide of lead^ red-lead or minium (FboO^) results as 
above stated on the oxidation of plumbic oxide, and on the 
large scale it is manufactured by exposing lead at a low red- 
lieat upon the hearth of a reverberatory furnace to the 
oxidizing influence of air; when the massicot so produced is 
ground and levigated for the separation of metallic lead and 
coarser portions, after which it is again exposed to further 
oxidation in a similar furnace for the production of red-lead. 
This oxide being extensively employed as a pigment, and for 
the manufacture of glass, etc., is hence an article of commer- 
cial manufacture, and the method pursued on the large scale 
will be described in the next article. The red oxide also 
occurs native, associated with other lead ores. Ked-lead is 
a bright or orange-red crystalline or granular powder, of 
which the tint varies much according to the method adopted 
and care observed in its manufacture; upon the application 
of heat it darkens in colour, and becomes eventually purplish 
or b]ack, recovering however its original colour on cooling, 
unless the temperature has been urged to strong ignition, when 
this oxide is resolved into plumbic oxide (litharge) and oxygen 
gas. Its specific gravity is 8 '62 (Karsten); it is insoluble in 
water, and is a bad conductor of Ixeat and electricity. When 
heated with concentrated sulphuric acid, oxygen is evolved, 
and a residue of plumbic sulphate remains. A small 
quantity of hydrochloric acid decomposes it with the produc- 
tion of plumbic chloride, plumbic peroxide and water; thus, 

Pb.O^ + 4HC1= 2PbCla + PbOj + 2HaO. 

while a larger proportion of hydrochloric acid liberates 
chlorine with the formation of plumbic chloride and water, 

Pb8O^+8HCl=3Pb01j + Cla+4H.O. t 

Nitric acid converts it into the soluble plumbic nitrate, and 
a residue of plumbic peroxide. 
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Plumbic peroxide, puce oxide (PbOg) results as above 
noted on the digestion of the red oxide with dilute nitric 
acid, when the oxide remaining 'after the decantation of the 
nitrate, reqiures washing with boiling water; it is also pre- 
pared by suspending plumbic oxide (PbO) in water, through 
which a current of chlorine is passed, and in a number of 
other ways. It also occurs native as Plattnerite. The arti- 
ficial oxide is a brown or puce-coloured powder, which is 
decomposed by heat into the red oxide, or if the temperature 
be increased to redness, then plumbic oxide is formed, in either 
case attended with the liberation of oxygen; when rubbed 
with sulphur it is spontaneously inflammable, burning with a 
bright flame, and yielding plumbic sulphide. Plumbic per- 
oxide mixed with sulphur is a constituent of the mixture 
employed in tipping certain matches. This oxide combines 
with strong bases as potash, when boiled with them, forming 
a class of unstable compounds known as plumbates, the 
plumbic peroxide thus appearing to play the part of a weak 
acid, and is, accordingly, sometimes called plumbic acid. 

33. Manufacture of Bed-Lead. — This manufacture is 
extensively pursued in Derbyshire, etc., for the production 
of red-lead for use as a pigment, and in the manufacture of 
glass. The manufacture involves two stages, conducted either 
in the same or similar furnaces or ovens. The first or dross- 
ing stage operates upon charges of from 1500 lbs. to 2000 lbs. 
of pure lead, and if the product be only intended for glass 
making, about -^^th of its weight of hard lead is added; but if 
for a pigment where purity of colour is especially desirable, 
then only pure lead is operated upon, since small quantities or 
iron, antimony, or silver in the lead impairs the brilliancy 
and purity of the colour; and such metals also yield an 
inferior product for the glassmakers' use, imparting an 
undesirable dulness to the glass. The lead for oxidation is 
placed upon the bed or hearth of a low arched reverberatory 
furnace or ^'drossing oven,* which is eveiywhere closed 
except at the front end, through which the charge is intro- 
duced, rabbling conducted, and the product finally with- 
drawn. The bed of this oven is formed of brick, supported 
upon a bed-plate of cast-iron, and inclines slightly towards 
the median line; whilst a line of bricks^ running from back 
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to front along eacli side at a little distance from the side 
waUs, forms two long fire-bridges, between which and the 
outer walls are the two fireplaces, which, in some furnaces, 
are supplied with fire-bars, whilst others are without bars; 
and the fuel consumed may be either coal or coke. The 
charge is retained upon the bed of the oven at its front end, 
by a dam formed of the residues of lead and plumbic oxide 
obtained in the levigation of a previous product, and which is 
rammed as a barrier across thebed,between the two fire-bridges. 
The dressing chamber and its two fireplaces can be closed at 
the front or near end by separate doors, and a hook is like- 
wise suspended in front for the support of the rabbling bar 
during the working of the charge; and also at the front end 
is built a hood, supporting a kind of stack for carrying away 
the gaseous products, etc. 

When the lead is melted it is continuously rabbled, 
especially during the earlier stages of the oxidation or 
dusting^ as it is called, so as to bring fresh portions of the 
metal under the influence of the oxidizing atmosphere 
maintained in the oven; at the same time, the temperature 
is carefully regulated so as not to exceed low redness, pre- 
venting thereby the fusion of the massicot or dross produced 
in this stage. The dross, as it forms, is pushed from the 
surface of the metal to the back of the oven; while on to 
the heap so formed the workman projects the molten lead, at 
intervals, so as to expose the metal more completely, and 
thus expedite the oxidation. After about twenty-four hours 
the dressing stage is completed, and the metal appears to 
be wholly converted into oxide. The front dam is then 
broken down in order that any metallic lead may be allowed 
to drain out from the mass, while the massicot, after remain- 
ing for some time so as to cool, is raked out into a receptacle 
at the front and moistened with water, when another charge 
of lead is introduced into the furnace, and the dressing 
operation just described is repeated; or otherwise the ground 
and levigated massicot, from a previous charge, is introduced 
into the same furnace to undergo the last or colouring stage. 

The massicot or dross having cooled, is now ground under 
edge stones to the state of fine powder, which is then levigated 
or washed in a suitable apparatus, whereby the finely-divide4 
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massicot, which is of a yellow colour, is canied in suspension 
by the water passing through the apparatus and deposited in 
the settling or depositing vessels, from whence it is collected, 
and after drying is returned for the next or colouring stage 
of the process; whilst the coarser and heavier particles, with 
any metallic lead still unoxidized, are left as a general residue 
in the apparatus, and this residue is employed to form the 
dam acr^s.the front of the diossing furo^ce hearth. 

The colouring is either conducted in the same oven as the 
previous stage, or a second furnace known as the colouring 
oven, not however materially different in construction to the 
]a«t or drossing oven, is retained for the conduding stage. In 
either case the mas^cot or dross is placed upon the bed of 
the furnace, and carefully heated to a temperature somewhat 
below that employed in the drossing stage, or between 
287-7°C. (550°F.) and 317-PC.(600^F.), at which heat it is 
kept well exposed to the atmosphere, by continued rabbling 
or stirring for a period of forty-eight hours, or until a sample 
taken from the hearth appears while hot, of a dark red 
colour, changing to a bright red on cooling; upon which the 
furnace is closed and left to cool slowly, the latter condition 
being considered essential to the success of the colouring 
stage; after which the product is drawn from the oven, and 
only requires grinding and sifting to prepare it for the 
market. 

Commercial red-lead is frequently adulterated with brick 
dust and ferric oxide, but these impurities are readily detected 
by strongly heating the compound; upon which the pure red- 
lead assumes a yellowish tint, while the brick dust and ferric 
oxide retain their red colour. 

34. Lead and Sulphur. — Lead and sulphur readily com- 
bine under the influence of heat; and if sulphur be added to 
melted lead, combination ensues with the production of 
plumbic sulphide (PbS), the whole mass being raised to redness 
by the heat produced. Four sulphides of lead are described, 
but only one, plumbic sulphide, is of metallurgical importance. 

Plumbic sulphide (PbS), as occurring native, constitutes 
"galeTia," the most abundant and important of the ores of 
lead, being that from which the metal is chiefly extracted. 
Plumbic sulphide is prepared artiflcially, as above stated. 
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when sulphur is added to molten lead; also by heating plum- 
bic oxide with an excess of sulphur. As obtained by these 
methods it forms a lead or bluish-grey, brittle, granular body, 
which melts at a strong red heat, and at a higher temperature 
may be sublimed, if the access of air be prevented; but if 
very gently heated in contact with the atmosphere, as in 
roasting galena, then plumbic sulphate, with plumbic oxide 
and a little metallic lead remain behind, while about one-half 
of the sulphur is removed as sulphurous anhydride; whilst 
if the temperature be increased, the plumbic sulphide and 
oxide contained in the roasted mass decompose each other, 
with the production of metallic lead and sulphurous anhy- 
dride — 

PbS+2PbO=3Pb + SO,. 

If plumbic sulphide be heated in the vapour of water, it 
yields sulphuretted hydrogen and plumbic oxide — ^the latter 
then reacting, as above, upon the plumbic sulphide, with the 
production of sulphurous anhydride, plumbic sulphate, and 
metallic lead. And when plumbic oxide and plumbic sulphide 
are heated together, if the latter be in excess of that re- 
quired for the production of metallic lead and sulphurous 
anhydride, according to the above equation, then the excess 
of plumbic sulphide separates as such; or likewise, if the 
plumbic oxide be in excess, it then remains undecomposed, 
forming a layer above the separated metallic lead. Again, if 
plumbic sulphide and plumbic sulphate be heated together in 
such proportions that the sulphur and oxygen are present in 
the ratio required for the production of sulphurous anhydride, 
then a double decomposition ensues, metallic lead being sepa- 
rated, while sulphurous anhydride is evolved, thus — 

and these reactions between plumbic sulphide and plumbic 
sulphate and oxide constitute four important chemical de- 
compositions involved in the smelting of lead. 

When plumbic sulphide is fused with an alkaline carbonate, 
and iron nails or scrap iron is added, the whole of the lead is 
reduced to the metallic state, while without the addition of 
the iron, but one-half of the metal is reduced; and the reducing 
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action of alkalies or alkaline carbonates is also further pro- 
moted by the addition oifree carbon to the charge. Plumbic 
sulphide is completely reduced by metallic iron at a red heat 
with the production of ferrous sulphide; but it is important 
for the complete reduction of the plumbic sulphide that the 
temperature employed be sufficient to melt the ferrous sulphide 
produced; and this method for the reduction of lead is practised 
in the laboratory for the assay of lead ores, and also on the large 
scale in Bohemia, the Hartz, and elsewhere, in the smelting 
of lead, by what is known as the iron reduction process. 
Metallic lead is not separated when plumbic sulphide is 
heated with ferric oxide; but if carbon be introduced with 
the mixture, by which the iron is reduced from the ferric 
oxide, then metallic lead separates as in the previous case. 
Copper also, when heated with galena, reduces a portion of the 
lead, the products being a regulus of lead and copper, beneath 
whicli separates a stratum of lead also containing a little 
copper. Potassic cyanide, when heated with plumbic sulphide 
(galena), reduces the greater portion of the lead with the 
production of a potassic sulphocyanide, and by repeated 
heating with potassic cyanide, the whole of the lead may be 
separated in l^e metallic state. 

Plumbic sulphide is insoluble in the cold dilute acids; 
but if boiled with dilute nitric add, it is dissolved with the 
formation of plumbic nitrate and the evolution of nitric oxide, 
whilst the sulphur is precipitated in the form of yellow oily 
drops; but the finely-divided sulphide, when treated with 
concentrated nitric acid, is wholly converted into plumbic 
sulphate. Concentrated hydrochloric add also decomposes 
plumbic sulphide with the formation of plumbic chloride 
(PbClg) and the evolution of sulphuretted hydrogen. 

An hydrated plumbic sulphide is precipitated as a black or 
brownii^-black precipitate, when sulphuretted hydrogen or 
an alkaline sulphide is added to a solution of a salt of lead, 
or when the first mentioned is passed through water in which 
an insoluble compound of lead is suspended. 

35. Lead with Sulphur and Oxygen. — Plumbic sulphate 

(PbSO^) falls as a heavy white amorphous powder when 

sulphuric acid, or a soluble sulphate, is added^to a solution of 

1^ soluble salt of lead; and, as previously stated, it is formed, 

19— n. p 
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attended vitli the liberation of oxygen, upon tlie treatment of 
red-lead, or plumbic peroxide, with sulphuric acid ; and it is aJso 
slowly produced when sulphuric acid is boiled with metallic 
lead, whilst as the mineral "Anglesite" it occurs native in the 
crystallised state. Plumbic siilphate is almost insoluble in 
pure water, requiiing about 31,000 parts of water at 15**C. 
to dissolve it; but it is somewhat soluble in strong sulphuric, 
nitric, or hydrochloiic acid. It is decomposed, with the depo- 
sition of plumbic carbonate, upon boiling with a strong solu- 
tion of potassic or sodic carbonate. Plumbic sulphate melts 
at a red heat, and if not in contact with silicious matters, 
the fusion is effected without decomposition; but when heated 
with plumbic sulphide it yields metallic lead, as explained in 
the last article; it also yields metallic lead upon heating in 
a current of hydrogen, thus — 

2PbS0^ + 7Ha =Pb, +50 J + SHa + 6H5,0. 

When heated with carbon it yields metallic lead, and plumbic 
oxide or plumbic sulphide, according to the proportion of 
carbon employed; but if heated with metaUie irony then the 
whole of the lead is reduced to the metallic state. Plumbic 
sulphate is decomposed when heated to redness with potassic 
or sodic carbonate, or lime, yielding an alkaline sulphate along 
with plumbic oxide; but if potassic cyanide be substituted 
for the carbonate, then the lead is wholly reduced to the 
metallic state. Silica also decomposes plumbio sulphate at a 
red heat, with the production of plumbic silicate, and the 
liberation of sulphuric anhydride (SO3) or sulphurous 
anhydride (SOg) and oxygen; while lead heated with plumbic 
sulphate in equivalent proportions, yields a residue of plumbio 
oxide and liberates sulphurous anhydride, thus^- 

PbS04+Pb=2PbO+SOa. 

It has been proposed to substitute this compound in lieu of 
white-lead in painting, as not being so injurious to the health 
of the workman, but from its crystalline and translucent 
character it does not give the body and opaque whiteness 
which is afforded by white-lead. It is also rapidly blackened 
by sulphuretted^hydrogen, as are all the other salts of lead. 

86. Leftd ud Phosphorus. — These elements combine 
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directly when phosphorus is projected upon melted lead. A, 
phospHde of lead is also produced when lead filings are 
ignited with glacial phosphoric acid, the resulting compound 
having the colour of lead, retaining also its softness, but 
tarnishes quickly on exposure to the atmosphere. 

Various phosphates of lead may be obtained by the pre- 
cipitation of a soluble salt of lead, by the various forms of 
8odic phosphate under different conditions; and a phos- 
phate of lead also occurs native as the mineral "Fyro' 
morphUeJ^ The whole of the phosphates are insoluble in 
water, and all are reduced to the metallic state upon strongly 
heating with charcoal (Percy); but are not reduced by 
plumbic sulphide. 

87. Lead and Arsenic. — Lead and arsenic alloy together, 
as when arsenious anhydride (AsgOg) and molten lead are 
brought into contact, in which manner arsenic is added to 
lead intended for shot-making, the addition of arsenic causing 
the globules of metal to assume a more perfect spherical form. 
Arsenic has the effect of rendering lead, greyer in colour, 
liarder, more brittle, less malleable, and more fusible. ■ 

88. Plnmbic Carbonate: White-Lead. — When lead is 
exposed to the influence of oxygen, carbonic anh^^dride, 
and moisture, as on exposure to ordinary atmospheric influ- 
ences, then the metal becomes coated with a white, amor- 
phovs^ flaky, weakly adherent coating of an hydrated plumbic 
carbonate, which differs, however, both in composition and 
physical characters from the plumbic carboilate oBtfiined by 
the precipitation of a lead salt by an alkaline carfibnate,' 
inasmuch as the latter is always crystalline and somewhat 
tranalmeni. Hence it is much inferior as a material for use 
as a pigment, to which these carbonates are applied under 
the name of ** whitehead" or ** flake white" since the precipi- 
tated carbonate does not afford the opaque whiteness, or body, 
which is given by the product obtained by the direct action 
of carbonic anhydride upon plumbic hydrate, as produced in 
the fust-mentioned method; and accordingly the methods of 
manufacture employed for the production of white-lead for 
the use of the painter, though differing somewhat in detail 
from one another, are yet all processes in which the product 
results from the absorption of gaseous carbonic anhydride. 
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Plambic carbonates beliave like plumbic oxide on beating 
in contact with the atmosphere, yielding thereby a variety of 
red-lead having an orange tint, and hence known as change 
lead. 

The substance known as white-lead^ ceruse^ or flake white, 
is a highly basic plumbic carbonate, or is plumbic carbonate 
with plumbic hydrate, and for commercial purposes it is 
manufactured according to one of the two following methods : 
the older, known as the Dutch method, and which yields an 
excellent product, consists in exposing lead to the combined 
action of carbonic anhydride, the vapour of water, acetic 
acid, and atmospheric air, aided by a very gentle heat. For 
this purpose plates of lead and trellis-like castings of the 
metal are introduced into and upon a series of pots arranged 
in rows upon a layer of tanner's spent bark, placed upon the 
floor of a large brick or stonework chamber, the pots which 
are of two sizes being placed In regular sequence — several 
rows of the smaller between each row of the larger; whilst 
upon a flooring of wood resting upon the tops of the taller 
pots is placed another layer of bark or stable litter, then a 
series of pots as before, and so on in succession until the 
chamber is filled, the last rows or tier of pots being covered 
with bark, and the whole constituting what is known as a 
stack. Into each pot is placed a small quantity of very 
dilute acetic acid above which in the larger pots is suspended 
a coil of lead, while upon the top of the smaller vessels is 
placed a series of the trellis-like castings of lead until the 
height of the larger pots is attained. By this arrangement 
the heat from the litter or bark, together with that produced 
by the oxidation of the lead affords the necessary warmth, 
whilst the litter also supplies carbonic anhydride to the mass, 
and atmospheric air has access to all parts of the stack; so 
that the conditions stated above are fulfilled, and in from 
two to four months the lead has become wholly converted 
into white-lead, when the stack is taken down, and after 
grinding, washing, levigating, and drying, the product is 
ground in oil and is then ready for the market. 

The second method pursued in the manufacture of white- 
lead consists in passing carbonic anhydride through a weak 
solution of plumbic acetate, in which plumbic oxide (litharge) 
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IS suspended; or by passing the same gas through a solution 
of a basic plumbic acetate. 

White-lead is also manufactured according, to what is 
known as the German Tnethod, in which the vapours of acetic 
acid and of water are passed into a chamber containing thin 
plates of lead, and subsequently air and carbonic anhydride 
are admitted.* 

Commercial white-lead is frequently mixed with heavy- 
spar, gypsum, zincic oxide, etc., these bodies being unaltered 
by exposure to an atmosphere containing sulphuretted hydro- 
gen, and therefore rendering the white paint less liable to be 
discoloured from this cause. Sometimes alSo finely-divided 
metallic lead occurs in white-lead, when the sample acquires 
a more or less grey colour. 

39. Lead and Silica. — Silica melts easily when heated 
with plumbic oxide or with red-lead, with the formation of a 
yellow glass of plumbic silicate, of which the composition 
varies with the proportions of silica and plumbic oxide present; 
for silica forms several definite silicates by union with plumbic 
oxide, besides yielding fused masses of plumbic silicate con- 
taining also probably an excess of either silica or plumbic 
oxide. Also the larger the proportion of plumbic oxide, 
the deeper is the colour of the resulting silicate, while the 
fusibility of these silicates decreases with an increase in the 
proportion of silica present. Plumbic silicate is only very 
imperfectly reduced upon strongly heating with charcoal; Dr. 
Percy adding,! that after reduction has proceeded to a certain 
limit, a more or less infusible body, containing plumbic oxide 
and silica, is produced, but which substance is unacted upon 
by charcoal even at a white heat, and hence a portion of the 
lead escapes reduction; but the lead is wlwUy reduced from 
aU its fusible silicates vjhen heated along with metallic iron; 
and the same residt is effected if the plumbic silicate be 
heated with charcoal and ferric oxide. When the plumbic 
silicate (2PbO, SiOg) is heated with sulphur, only a small 
proportion of lead is reduced; but this silicate is largely, 
though yet very imperfectly, reduced upon heatiag with lime 
and charcoal. 

• DingL polyt. J. 

t Percy. Metallurgy, Vol. III. 
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The compound silicates of lead and potash, soda, or lime, 
constitute the different varieties of glass known as potash, 
soda, or lime glass; the first mentioned being characterised 
by a high lustre and greater refractive power than the other 
varieties, and is hence used as an optical glass, whilst the soda 
and lime glasses are frequently tinged also with a greenish, 
tint. The refractive power of glass also increases with the 
proportion of plumbic oxide present in the silicate. 

40. Alloys of Lead. — Lead may be alloyed with several 
of the more common metals by simple and direct fusion, as 
with antimony in the production of type-metal, which alloy 
consists of eighty-three parts of lead with seventeen parts of 
antimony, to which, for the production of stereotype plates, is 
added in addition a considerable proportion of tin (see VoL I. 
p. 211 and 219). Some of the alloys of lead are of consider- 
able and extensive application to the arts, thus lead is a con- 
stituent of an inferior variety of Britannia metal known as 
" Que&n!8 metal,* applied in Birmingham to the manufacture 
of jugs, tea-pots, etc.; it also enters into the composition of 
pewter, plumbers* solder, etc., as will subsequently appear. 

The alloys of lead and a/nUmony are harder and more 
fusible than either metal alone, and are also more oxidizable 
than lead; but the alloy containing three parts of lead to one 
of antimony, although harder than lead^ has not acquired 
the brittleness of zinc or bismuth, while equal proportions 
of the two metals yield a porous and brittle alloy. The 
alloys of lead and antimony have several applications to the 
purposes of the arts. 

Arsenic, as already stated, renders the metal more fusible, 
greyish-white in colour, and more brittle, while for the 
purposes of shot it gives to the globules the quality of assum- 
ing a more truly spherical form. For this last application 
from 30 to 40 lbs. of arsenic is added per ton of lead, and 
either metallic arsenic or arsenious anhydride (AsgOj) may 
be employed for the purpose, the arsenic being introduced 
into the lead kept molten in a suitable pot, the suiiace of 
the metal being partially covered with charcoal during the 
operation. 

Homogeneous alloys of copper and lead can only be ob- 
tained with difficulty; for if the alloy of these metals be 
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heated just above the melting point of lead, yet sensibly 
below that of copper, then lead containing a little copper 
liqiiates out from lie mass, leaving a porous residue of copper 
retaining a small proportion of lead; and this is the principle 
of the old liquation process for the extraction of silver from 
argentiferous copper, according to which the copper was first 
alloyed with lead and then subjected to liquation, by which 
the lead, carrying with it the sUver, was liquated or sweated 
out from the alloy. In the preparation of the alloy of these 
two metals, it is hence necessary that the copper be intro- 
duced into the melted lead, and that the mixture be well 
stirred during the incorporation, when the alloy so obtained 
is rapidly cooled to prevent the separation of the two metals. 
Lead in very small {proportions suf^ces to impair the ductil- 
ity and malleability of copper, both at ordinary temperatures 
and at a red heat. 

Mercury may be readily alloyed or amalgamated with lead, 
simple trituration of lead filings with metallic mercury suflSc- 
ing to effect the amalgamation, and the union may also be 
effected by introducing mercury into molten lead. The result- 
ing amalgam has a white colour, and with one part of lead 
to two parts of mercury, the mercury still retains its 
liquidity. 

Lead and tin by their union afford alloys, as pewter, various 
solders, etc., which have an extensive application to the arts. 
These metals admit of fusion together in all proportions, and 
the restdting alloys have a somewhat darker colour, with less 
brilliancy than tin, they are also generally harder and tougher 
than the latter metal, and wares of the alloys of these metals, 
like pewter, etc., may be fashioned either by casting to form or 
by hammering. Pewter, as used for the manufacture of spoons, 
eta, is an alloy of 80 per cent, of iead with 20 per cent, of 
tin; but other metals, as copper, antimony, and zinc, are fre- 
quently added for special purposes, a little copper rendering 
the alloy harder and more sonorous. Plumbers* solder, as 
above stated, is an alloy of these metals, containing, in coarse 
solder f two parts of lead to one of tin, while cmnmon solder is 
formed of equal parts of the two metals, and^nc solder con- 
tains two parts of tia to one of lead, the melting point of the 
alloy increasing as the proportion of lead is increased. An 
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alloy o^ thesd metals, along with bismuth, constituteB the 
alloy melting at 93-76*0 (200°F), and known aa fusible metaJL 

Zirhc may be melted with lead in all proportions, but on 
cooling, the alloy does not remain homogenous, for the zinc 
largely separates as an outer crust; whilst if these aUoys be 
maintained in a state of fusion with continual stirring, then the 
lead has a tendency to concentrate itself in the lower end of the 
mass, while the upper end becomes more largely zmciferous. 
The alloys of lead and zinc are decomposed at a white heat 
with the volatilization of the zinc, canying along with it a 
small proportion of the lead. The effect of zinc in lead is 
to harden the latter without impairing its malleability, "virhile 
small quantities of lead in zinc renders the zinc inferior for 
rolling into sheets. As noted above, owing to the lower melt- 
ing point of zinc than lead, separation of the two occurs on 
cooling from fusion; and it is further found, that if the lead be 
argentiferous, then the silver is concentrated in the zmciferous 
crust, and the lead largely desilverised; so in this manner zinc 
has been employed for the desilverization of lead by what is 
known as Parkes' process (see page 152). In like manner, 
zinc can be employed for the separation of copper from lead; 
since, in melting the alloy of lead and copper with zinc, then 
allowing the temperature to fall as before, it is found that an 
alloy of lead, copper, and zinc separates in the form of a 
pasty mass, which floats on the suiface of the lead, and under 
proper conditions, the lead will not retain more than some 
•002 per cent, of copper. The formation of a readily fusible 
alloy with lead, zinc, and bismuth, has been already noticed. 

Silver forms alloys with lead in all proportions, and all 
lead contains more or less silver, while the affinities of these 
metals for each other are in constant application to the 
metallurgical treatment of argentiferous ores and products. 
The alloys of lead and silver separate when slowly cooled 
from fusion (Lovel) into an inner core and an outer crust, of 
which the outer crust is much poorer in silver than the 
interior of the mass; and, further, the alloy richest in silver 
remains fluid at a lower temperature than the poorer alloy, so 
that, by properly i-egulating the temperature, the richer and 
poorer portions may be separated ; and practical application 
of this quality is afforded in the Fattinson process for the 
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separation or concentration of silver in the treatment of ar- 
gentiferous lead. In this alloy also, when melted and exposed 
to the action of a blast of atmospheric air, as in the process 
of cupellation, the lead is rapidly oxidized to the state of 
litharge, while the silver remains unchanged. 

Gold may be alloyed with lead in the same manner as 
silver, yielding thereby brittle alloys; for very small quanti- 
ties of lead in the gold intended for coinage render it unwork- 
able in the coining process; while, like silver^ the gold may 
be separated from lead by cupellation. 

41. Ores of Lead. — Lead occurs as an occasional consti- 
tuent of a very large nmnber of the ores of other metals, 
but the minerals containing this metal as an essential con- 
stituent, in sufficiently large quantity, and occurring in 
suificient abundance to constitute them ores of lead, are 
exceedingly limited in number, a single ore, viz., "^o^ewa," 
furnishing by far the greater proportion of this metal; while 
the plumbiferous minerals or ores almost always contain 
more or less silver, and are ax^cordingly described*^ as argen- 
tiferous or non-argentiferous according ^ the proportion of 
silver is sufficient or otherwise to pay for its extraction. The 
minerals containing lead, and occurring in sufficient abund- 
ance to be classed as ores of this metal, may be placed under 
two heads — ^I. Sulphides of lead, and II. Oxycompounds of 
lead, as the carbonates, sulphates, phosphates, oxides, etc , of 
lead. But, besides these two classes^ there are a number of 
minerals which, though not of sufficient importance to rank as 
ores of lead, yet are more or less abundant, and often associated 
with galena, so that they frequently come under the notice 
of the metallurgist, and call for a brief description of their 
qualities in this place. 

At the head of the first division of lead ores consisting of 
the sulphides of lead, occurs " Galena,* Plumbic sulphide, 
(PbS), or as it is sometimes called " blus lead" which is by far 
the most important and abundant ore of lead, containing when 
pure 86-61 per cent, of lead, with 13'39 per cent, of siilphur; 
and which is further a most important source of silver, since 
silver, as also gold, are probably invariable constituents of 
all galenas, though in some cases their quantity may be 
exceedingly small. Galena forms a lead-grey mineral having 



do kETAtLUBOY. 

a streak of the same colour. It possesses a metallic lustre, a 
hardness of about 2*5, and a fine, coarsely- granulax, or 
fibrous fracture; and it has been generally considered that the 
more finely-granular, or, as they are called, steely varieties of 
the ore, are more highly ai^ntiferous than the coarse, large 
grained specimens; and though a comparison of the galenas 
of a certain locality will frequently confirm this view, yet, as 
a general rule applicable to the comparison of a coarse-grained 
gdena from one diatrict with a steely specimen fix>m pother, 
the rule is doubtless erroneous. Galena occurs crystallised in 
the cubic system, chiefly as cubes and octahedra, and it has a 
very perfect cubic cleavage. The specific gravity of this ore 
ranges between 7 '25 and 7*7. When heated before the blow- 
pipe this mineral decrepitates, then fuses, and finally yields on 
charcoal a globule of metallic lead. 

Galena is very widely distributed over the globe, occur- 
ring in almost every country, and both in the older and 
more recent geological formations. Thus it forms veins 
in the Devonian formation "M^" of Cornwall and 
Devon, in the carboniferous or mountain limestones of 
Cumberland, Derbyshire, Flintshire, and the North of 
England, which formation yields the largest proportion of 
the British lead ores; while in Cardiganshire, Shropshire, 
Montgomeryshire, the United States, etc., it occurs in the 
lower Silurian rocks. At Freiberg, again, it occurs in gneiss; 
in the county Wicklow, in granite; while Sweden affords 
this mineral in a matrix of granular limestone. In addition 
to these localities, galena also occurs in Scotland — in the Lead- 
hills of Lanarkshire, — the Isle of Man, largely in Spain, 
Germany, and Northern Italy, and in smaller proportions in 
France and Belgium; it is also found in Siberia, Algeria, and 
Australia, numerous parts of North and South America, etc. 

As above stated, the pure sulphide contains 86*61 per 
cent, of lead; but galena is very often impregnated with 
small quantities of other bodies, as silver, gold, blende, iron- 
pi/rites, mispickely sulphide of antimony^ fa/iUyre^ ferrous 
carbonate^ calamine^ quartz, dolomite or pea/rl-spary barytes, 
fltuyr-spar, calc-spar, etc.; whilst, more rai*ely, it also con- 
tains manganese, anthracite, etc. The presence of these 
substances necessarily reduces the percentage of metal in the 
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ore, so that the ores smelted in England contain on the average 
from 70 to 80 per cent, of lead; but at Freiberg, ores con- 
taining only 40 per cent, of lead are smelted; while, if other 
metals, as copper, silver, or gold, are present in profitable 
proportions, die lead in the ores is then extracted and paid 
for, although its amount may not exceed 15 per cent. 
The first-mentioned associates of galena, viz., silver and gold, 
are of constant occurrence in it, probably existing as sul- 
phides. The gold is most frequently, however, in very small 
proportions, while silver occurs in very varied proportions, 
but rarely exceeding 1 per cent, while an ore containing 
•25 per cent., or about 82 oz. of silver per ton, is considered 
a very rich ore; and ores assaying only about -005 per cent. 
of silver, and which yield a lead containing not more than 
2 oz. of silver per ton of metal, can be profitably treated by 
the Pattinson process for the extraction of the silver. Besides 
the above-mentioned associates of galena, the rarer minerals 
containing lead, such as plumbic carbonate, chromate, phos- 
phate, sulphate, and oxide, are frequently associated with it. 

Plumbic sulphide also occurs in combination with sulphide 
of antimony in the minerals Jamesonite, Bovlangeritey and 
Geocronite, and with cuprous sulphide in addition it consti- 
tutes the mineral Bou/monite, 

Of the second class of lead ores or oxycompounds of lead 
enumerated above, the most important and abundant is the 
plumbic carhoruUe, cerusiite, or white-lead ore, a transparent 
or translucent mineral, of a white or greyish colour, with an 
occasional bluish tinge, possessing an adamantine or vitreous 
lustre, with a colourless streak, and a hardness of from 3 to 
3*5. It occurs in fibrous, compact, or earthy masses, as also 
in crystals of the trimetric or prismatic system. This ore is 
found in lodes, as also in beds in limestone, usually associated 
with galena; and at Aix-la-Chapelle it is raised in considerable 
quantity, as also in the vicinity of Santander in Spain. It 
likewise occurs in Cornwall, Devon, Yorkshire, the Lead-hills 
of Scotland, county Wicklow, Westphalia, France, etc. 

Plumbic sulphate or Anglesite (PbSO J occurs as a white, 
grey, greenish, and sometimes bluish, translucent, or opaque 
mineral, having an adamantine lustre, with a hardness of 
from 2*5 to 3. It occurs in cavities, also in lodes crystallised 
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in the trimetric or prismatic system, and is often associated 
with galena and plumbic carbonate, at Anglesey, in Scotland, 
Cumberland, Derbyshire, Hartz, Spain, Germany, France, 
and the United States. This compound, combined with 
cuprous carbonate, etc., constitutes Cakdonite, and a similar 
mineral is known as Lanarkite. 

Fyromorphite or plumbic phosphate varies in colour between 
green, yellow, and brown, and has a white or yellowish 
streak. It usually contains plumbic, chloride as well as 
phosphate, and certain varieties contain also plumbic arseniate. 
In Derbyshire this mineral is known as " linnets ** from its 
peculiar colour. The mineral also occurs in the Lead-hills of 
Scotland, in Cumberland, Durham, Yorkshire, Cornwall, 
Wicklow, Bohemia, Saxony, Hartz, France, the United 
States, etc. 

MimetesUey or plumbic arseniate, is an analogous mineral 
to the last, but contains arsenic acid, in lieu of phosphoric 
acid, as an essential constituent. It forms a pale-yellow or 
brown mineral, with a wliite streak, occurring at Kedruth 
and other mines of Cornwall; also in Devonshire, Cumber- 
land, Saxony, France, Sweden, South America, etc. 

The ores of lead found near the surface often belong to the 
second class or oxycompounds of lead, and are a result of the 
decomposition and oxidation of galena. 

Besides these sulphur and oxidized ores of lead, numerous 
minerals containing lead in large proportion occur, but not 
in sufficient abundance to constitute them ores of lead, of 
such are plumbic cMmnde, Mendipite, plumbic chromate^ etc. 

EXTRACTION OF LEAD FROM THE ORE. 

On reviewing the various methods pursued in the different 
lead smelting districts of the globe, one is struck by the 
variety of methods pursued, the various classes of furnaces 
employed, as well as the difference in fluxes, fuel, etc., em- 
ployed in each district for the common object of separating 
metallic lead from its chemical combination, and from the 
gangue or vein-stuff with which it is associated. Yet it is 
found, upon further observation, that each one of the various 
methods pursued and furnaces employed, has usually special 
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advantages to recommend it for adoption in the particular 
locality; and that frequently a furnace or method, which in 
one locality appears to work more satisfactorily, and afford a 
l)etter result than another working in a different locality, 
would, if transferred to the new district, and worked under 
the altered conditions of ore, fuel, and flux, prove an entire 
failure. The considerations which thus determine the method 
of reduction to be pursued, and the furnace to be employed in 
the smelting of the lead ore of any locality are — 1®, the 
TuUure and yiM of the ore to be treated; 2°, ^e character of 
the ganguey mcUrix, or vein^tvffwiih. which it is associated; 
3°, the nature of the material available for use as a Jltix; 
and 4^, the nature and abundance of fad in the district. 

The processes employed for the smelting of lead ores may 
be classed according to the type of furnace employed, as — 
1°, the methods of smelting in reverheratory fxirnacea as pur- 
sued in England, France, and Carinthia; 2°, the methods in 
which cupola furruxcea are employed, as practised in the Hartz, 
Silesia, etc.; and 3^, the methods of reduction in open Keartlie^ 
as in the ore furnace or Scotch heaiiih, and the American 
hearth; but Dr. Percy* supersedes these classifications, by 
grouping the various processes employed for the smelting of 
galena or other sulphur compounds of lead, under three types, 
according to the agent employed to effect the decomposition 
of the ore, and separation of the lead, thus — 

I. ^^Air-reduction process" in which atmospheric air, aided 
by heat, form the reducing agents. 

II. Tbe " iron reduction or precipitation process" in which 
iron, or an oxidized compound of iron which under the fur- 
nace conditioiis yields iron, is employed for the separation of 
the lead. 

III. The method of '' roasting with subsequent deoaddation 
of the product by carbonaceou^s matters/* while 

rV. For the smelting of the ores of lead, such as car- 
bonates, silicates, and oxides, in which the metal exists 
wholly in the oxidized state, it is necessaiy to reduce the 
metal either by carbon or iron; or both of these agents may 
be employed. 

• Percy. M^llurgy^ Vol. Ill, 
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In the reduction of lead by this process, the reverheratoiy 
furnace is extensively employed^ examples of which, are 
afforded by the FlirUaJdrey the Flowing^ the Spanish, and the 
Bleiberg fumtices, to be described in the ensuing pages; ^w^hile 
the process is also conducted in the ore-hecBrthy a species of 
blast furnace. But the methods of smelting in the Flowing, 
Spanish, and the Bleiberg furnaces, ar^ not purely and 
entirely air-reduction processes, since the separation of the 
metal is also partially effected by means* of charcoal or iron, 
or both of these agents, as will appear subsequently. 

The air-reduction proceaaea are particularly applicable to the 
treatment of rich ores, and such as contain a gangue of baryta, 
lime, and small quantities of blende; but not to silicious and 
refractory ores, which are better treated by the iron reduc- 
tion methods of procedure. For the success of the air- 
reduction method, it is necessary that the ore (galena PbS) 
after sorting or picking, and washing, to free as much as 
possible from quaii^z and other silicious matters (operations 
conducted at the mine), be reduced to powder, and carefully 
roasted with access of air, the mass being continually rabbled, 
and the temperature properly regulated to prevent clotting 
of the ore; the effect of which treatment is to convert the 
plumbic sulphide largely into plumbic sulphate and oxide^ 
according to the following equations^ thus : 

2PbS + 0« = 2PbO + 2S0a. (1) 

PbS+0,^=PbS04. (2) 

so that at the conclusion of this stage, there exists on the 
furnace hearth or bed, a mixture, in variable proportions, of 
plumbic oxide and sulphate, with unaltered plumbic sulphide; 
while upon increasing the temperature of the furnace, the 
plumbic sulphide reacts upon the plumbic oxide and sulphate, 
in both cases liberating sulphurous anhydride (SOg), and 
separating metallic lead, as indicated in the following formulse, 

PbSO^ +PbS=2Pb+2S03, (3) 

8PbO +PbS = 3Pb + SOa. (4) 
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But since the roasting operations of the first stage can never 
be conducted with the precision necessary to ensure the pre- 
sence of sulphur and oxygen in the mixture, in the exact 
proportions required to form sulphurous anhydride with one 
another, according to the last pair of equations; but either 
the sulphur or oxydized compounds, usually the latter, will 
be in excess, and accordingly remain behind, retaining a 
proportion of lead, which would be lost unless a special 
operation was conducted for its recovery; and it is the method 
pursued in the recovery of the metal from this residue that 
constitutes the chief difference in the conduct of the process 
and construction of the reverberatory furnaces employed in 
England, France, and Carinthia. 

42. Smelting in the Flintshire Furnace. — The ore 
fimelted in this furnace is a rich galena, assaying from 75 to 80 
per cent, of metal, and occurring in a gangue of calcite, fluor- 
spar, and barytes. The ore, having been carefully separated 
by dressing operations from the gangue with which it was 
originally associated, is chai*ged upon the concave bed 
of the furnace, immediately after the working off of a pre- 
vious charge, and while the furnace is yet at a dull red heat; 
for its temperature has fallen considerably dming the tapping 
out of the metal, and the withdrawal of the slag produced 
from the previous charge. 

The Mintshire furnace is, of the reverberatory type, 
Laving the fire-grate a at one extremity of the bed, from 
which it is separated by a hollow fire-bridge 6, of from 18 
to 24: inches in width, while the other extremity of the bed 
commimicates by two openings or flues g,g, with a larger flue, 
which conveys the gases and lead fumes to a stack of some 
60 ft in height. The arched roof of the furnace is kept very 
low, and slopes from the fireplace to the flue end, and at a 
point near the middle of its length it is perforated by an 
aperture c, over which is suspended a hopper d, into which 
the charge is introduced, and then allowed to fall when re- 
quired through the opening in the roof upon the bed of the 
fdmaca The furnace is supplied with three doors A, h, upon 
each. side. Through those at the fi*ont side the charge is 
rabbled, and the lime introduced as required towards the 
conclusion of the operation; while through those at the back 
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side of the furnace the dag is -withdrawn after tapping out 
the metal. At ths same time, the several doora serve for the 
adraisHJon of air at intervals during the first or roasting stage 
of the process; and likewise at the close of the o|>etntion the 
doora are opened to cool down the furnace previous to the 
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introduction of the succeeding charge, which object is 
farther controlled hj dampers placed in the flues at the end 
of the bed. Immediately belov the middle door, od the 
fomt side, is placed the tap-hole for drawing off the metal 
from the well of the furnace into an iron pot m, placed out- 
nd9 for its reception, aud taiown aa the tewi-pot or lead- 
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kettle. The fire-grate is only supplied with one door used for 
the introduction of fiiel to the fire, and which opens to 
the back or labourer's side of the furnace; while over 
the ash-pity in front of the fire-hole, is built a short flue 
for carrying away any vapours passing in that direction 
during the roasting. An arched vault, /, runs the full 
length of the bed, communicating with the atmosphere at 
botib extremities; and upon this is built a course of brick- 
work known as the cramp course, upon which again is laid 
the brickwork forming a concave hearth, approximately of 
the form of the working bed, which slopes from the two ends 
towards the tap-hole, as also from the back towards the 
front; so that the metal, as it is reduced, collects in a kind of 
well over the tap-hole, at the front or working side of the 
furnace. But the working bottom of the furnace is formed 
of ffrey slag, the product of the working of the furnace itself; 
the slag being broken up and introduced into the red-hot fur- 
nace; where, after melting, the furnace is allowed to cool down 
again until the slag assumes a semi-fluid or pasty condition, 
in which state it is spread over the bricks by means of rakes, 
paddles, and bars, into a layer of from 6 to 12 in. in thickness, 
and of the form required to be given to the furnace bottom, 
after which it is left to solidify as the furnace cools. Such a 
furnace bottom requires about 5 tons of slag for its forma- 
tion. The masonry of the furnace is braced together in the 
usual manner by stays and tie-rods; while, in some cases, 
the exterior of the furnace is formed wholly of iron plates, 
tied together by iron bolts or tie-rods. 

The exact course pursued in the smelting of galena in this 
furnace, and the precise method of manipulation observed in 
the conduct of the process, differ in their detail as carried on 
at different lead-smelting establishments; as also at the same 
establishment upon a slight variation in the composition of 
the ore, especially with regard to the amount of quartz or 
of lime left associated with the galena; but generally the 
charge employed weighs about 21 cwts., besides a small 
amount allowed for draughtage to compensate for the mois- 
ture in the ore. This charge, as previously stated, is intro- 
duced &om the hopper above the furnace, into which it is 
first delivered, on to the red-hot bed of the furnace; when 
19— 11. a 
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the £rst stage, or calcination of the ore at a low temperaittre 
commences j for which purpose the charge is kept upon the 
raised part of the hearth of the furnace above the well, the 
doors being left open for the admission of air, while the 
temperature is carefully regulated by the damper in the flue 
end, so as to raise the heat as high as possible, without 
fusing or clotting the ore; to prevent the latter, and, at the 
same time, to present fresh surfaces to the oxidizing influ- 
ence of the air, the charge is kept continually stirred or 
rabbled. This (calcination) stage continues for from IJ hours 
to 2 hours, and at the end of this time the temperature 
of the furnace is raised by adding more fuel to the fire, and 
so exposing the charge to a higher calcining heat, care being 
taken that the temperature does not increase sufficiently to 
melt the charge. The effect of this calcination is to oxidize 
a portion of the plumbic sulphide to plumbic oxide and 
sulphate, according to equations (1) and (2) of page 94; so 
that in the next or meUing stage, when the doors of the 
furnace are closed and the damper raised, whereby the 
temperature of the furnace is raised still higher in order to 
melt the charge, which then runs down into the well of the 
furnace, attended by a kind of ebullition from the escape 
of gases, due to a partial reduction of the lead by the reaction 
of the undecomposed plumbic sulphide with the oxidized 
products formed during calcination, according to the formulsB 
(3) and (4) of page 94. A few shovelsful of slaked lime is 
now thrown into the furnace, in order to stiffen the mixttu^e 
of slags and undecomposed ore, which is then raked on to 
the sloping sides of the bed, where it solidifies somewhat, 
and is then broken up and exposed during about an hour to 
a further calcination; upon the completion of which, the heat 
is again raised, and the charge melted down with the same 
decompositions as occurred in the previous melting stage of 
the process, and by which a further portion of metallic lead 
is separated. The operation of stiffening or setting-up toith 
lime, followed by another calcination, is again repeated, but 
for a shorter period than before, after which the charge is 
again melted down, and the slags finally thickened or dried 
with lime, pushed back on to the higher parts of the bed, 
and the lead allowed to drain from them into the metallio 
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baih below. The furnace is now tapped into the lead kettle, 
and the slag, known as ^^grey slag,** is withdrawn in pasty 
lumps through the back doors of the furnace. 

A quantity of coal slack, along with a little live coals, are 
thrown upon the surface of the metal in the lead kettle, and 
are well mixed with the metal, by stirring the mixture with 
a perforated ladle; after which the metal is skimmed, and 
the skimmings containing sulphur, sulphides of lead, and 
iron, with small particles of unreduced ore^ are returned to 
the furnace with the next charge. 

The slags, as will subsequently appear, are rich in lead and 
oxidized compounds of lead. Since in the third stage, or 
setting up with lime and recalculation, it is the practice to 
produce a larger proportion of the oxidized compounds of 
lead than is necessary to react upon the imdecomposed sul- 
phide, hence an amount of lead escapes into the slag as oxide 
and sulphate, the former probably in combination with silica, 
derived from the materials of the furnace, etc. 

The whole operation of working off a charge in this 
furnace occupies from 5 to 6 hours, with a consumption of 
about 12 cwt. of coal per ton of ore, and the production of 
about 5 cwt. of grey slag. The slag is the subject of a 
further treatment in the furnace known as the slag-hearth, 
for the more complete separation of its lead. 

The action of lime in the above operation has been the 
subject of much speculation, and while it is asserted by some 
metallurgists, that its addition effects the decomposition of 
plumbic silicate and sulphate in the slag, yielding thereby 
plumbic oxide, calcic silicate, and calcic sulphate; yet these 
reactions appear doubtful, so that its chief use would rather 
appear to be to thicken or prevent the too great fusibility of 
the slags, permitting thereby of their better exposure for the 
oxidation of the plumbic sulphide in the calcination follow- 
ing the setting-up stage. 

The grey slag is not always fused, the presence of foreign 
materials in t£e ores largely determining the fusibility or 
otherwise of the slag. Thus any zinc present in the ore, as 
blende, is not reduced during the smelting, but continues to 
accumulate in the slag at each stage of the process, and in 
which it is finally removed from the furnace^ except such 
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proportion as may be volatilised during the smelting process; 
and the aluraina also present in the ore accumulates ia the 
slag as the reduction proceeds; while, as above stated, the 
slag also contains a large proportion of the oxidized com- 
pounds of lead, as is shown by the following analyses taken 
from Dr. Perc/s work, VoL IIL 

ANALTSES OF GRET SLAG FBOM THE FLIKTSHIBE FUBKAC& 
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The method of lead-smelting in the Flintshire furnace, as 
above described, thus comprehends four distinct operations: — 

1°. Calcination of the charge at a low red heat, whereby 
a certain amount of plumbic oxide and sulphate are produced. 

2^ Kaising the temperature so as to melt the calcined 
l)roducts, thereby effecting a reaction between the above 
oxidized ccwnpounds and the unchanged ore, whereby a large 
proportion of the lead is reduced. 

3^ Setting-up with lime, and the reduction of any residual 
sulphide; together with the formation of a larger proportion 
of oxidized compounds of lead than is required to effect the 
reduction of the plumbic sulphide. 

4°. Tapping out the reduced lead, and subsequent with- 
drawal of the pasty lumps of grey slag. 

43. Smelting Galena in Derbyshire, etc.— The galena 
obtained in this district is usually associated with plumbic 
carbonate (cerusite), and baric sulphate (heavy - spar), of 
whidi the latter, from its great specific gravity, is not easily 
separated from the galena by the ordinary mechanical openi- 
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tions of washing, so that in smelting the ore it is neces- 
sary, if fluor-spar^ is not a constituent of the gangue of 
the ore, to add this mineral, with about one-fourth of its 
"weight of calcspary in order to flux or separate by fusion the 
barytes; and thus, instead of obtaining grey slag as produced 
at Holywell, in Flintshire, the Derbyshire furnaces yield 
a compact, opaque, yellowish, or brownish slag, which is tapped 
out of the furnace, and is known then as '^ run slag" while 
there remains in the furnace a small quantity of a hetero- 
geneous, porous, and greyish-looking mass of slag, more in- 
fusible than the run slag, and which is drawn out from the 
fumaoe as at Holywell, in the manner already described, and 
which second slag is hence known as " drawn slag" The 
furnace employed in this district is a reverberatory furnace, 
very similar to the Flintshire furnace described in the last 
Art., except that since a portion of the slag is fused, two tap- 
holes are provided, from one of which the metal is tapped, while 
the slag is run out from the second; and the furnaces are 
generally somewhat smaller than those employed in Flint- 
shire, since the charge is about 25 per cent, less in weight; 
but the manipulation observed is much the same in the two 
cases, lime being employed as before in setting-vp, but the 
run slag is run from its tap-hole previous to the tapping of 
the metal into the lead kettle; while in the Flintshire 
process, the metal is first tapped out, and the slag after- 
wards raked out through the door at the back side of the 
furnace. 

44. Lead Smelting in the Brittany Furnace. — A variety 

of the Flintshire reverberatory furnace, but with three doors 
along the front side only, is known as the ** Brittany fur- 
nace" from its former use in the province of Bretagne for the 
smelting of a galena, containing from 12 to 18 per cent. 
of iron pyrites. These furnaces are usually built of large 
blocks of granite held together by tie-rods. The Brittany 
furnace, though generally of smaller dimensions, yet otherwise 
resembles the Flintshire furnace ; for the hearth slopes from 
both ends, and from the back of the furnace towards the front 
side, while the lead kettle is situated as before \mder the 
tapping hole in front of the middle door; but the charge is 
introduced on to the hearth through the side doorS; instead 
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of througli the roof; and the manipulation pursued in the 
smelting of galena with this furnace differs somewhat from 
that observed when smelting it in the Flintshire furnace, 
inasmuch as the temperature employed in the Brittany is 
generally lower than in the Flintshire furnaces, and the 
metal is tapped off several times during the smelting opera- 
tion. 

The course adopted in Bretagne consists in gradually 
heating the charge upon the furnace hearth until it begins 
to soften, upon which it is vigorously rabbled, when a 
quantity of metal separates by the reaction of plumbic oxide 
and sulphate with plumbic sulphide, according to the reac- 
tion already formulated; and the metal so reduced is drawn 
off into the lead kettle outside the furnace. This rabbling 
is succeeded by a second period of calcination, lasting about 
two hours, when the mass is again vigorously rabbled or 
stirred, with the reduction of a further quantity of metal as 
before, which is again tapped from the furnace; and these cal- 
cinations, each one conducted at a higher temperature than 
that previously employed, and followed by stirring, are con- 
tinued for about 13 hours, the reduced metal having been mn 
out after each rabbling of the mass; and at the end of this 
period, an excess of oxidized compounds of lead exists in the 
charge, for the reduction of which a quantity of wood and 
coal-slack is thrown into the furnace, when after the separated 
metal has again been tapped off, the charge is subjected to a 
last roasting and stirring befoi* the grey slag is vdthdrawn 
from the furnace. The grey slag still retains from 35 to 40 
per cent, of lead, chieiiy as plumbic sulphate and silicate; 
and after the treatment of the slags in the cupola furnace, 
the total yield of metal by the Bretagne process yet falls 
short of that obtained in England in the Flintshire furnace. 

The lead is generally purified by stirring or poling with 
wood; the skimmings so produced, and which contain sulphides 
of lead and iron, with sulphur and particles of the unreduced 
ore, being remove^ as they collect at the surface of the metal. 
But copper, antimony, and arsenic cannot be removed by 
this treatment; and for their removal, when present, it is 
necessary to refine the lead in the manner described in 
page 155. 



LEAD SMELTlKa IK 6PAtK. 103 

45. Lead Smelting in Spain. — ^The ores occurring in 
Spain are galenas, containing an average of from 75 to 80 
per cent, of lead; and the method of smelting them is similar 
to that described in the previous articles, except that smaller 
charges are used, and instead of "setting-up" with lime 
after the melting down, it is usual to apply charcoal for this 
purpose. But an essential diifference exists between the 
Flintshire furnace and the Spanish furnace or BoUchey inas- 
much as the Boliche is a reverberatory furnace having two 
arched chambers or hearths, separated from each other by a 
bridge or partition, in wHch are two flues or apertures of 
communication between the one and the other; while from 
the second chamber passes a single flue to a stack of about 
30 ft. in height. The first or reduction chamber communi- 
cates, at the end furthest f^om the stack, with a fireplace fed 
from one side of the furnace with brushwood or similar fuel 
occurstfig in the neighbourhood, for the combustion of which 
class of fuels the furnace appears to be well adapted; and 
the bed of this chamber slopes from the back or flue end 
towards the £ront, where it forms a cavity or well in which 
the metal collects, and from whence it drains into a circular 
vessel or receptacle outside, from which it is tapped into a 
channel communicating with a reservoir, and from thence, 
after the mechanical impurities have been removed by stirring 
dried leaves, etc. (instead of the coal or wood used in the 
Flintshire process) with the lead, whereby the dirt, etc., rises 
to the surface of the metal as a scum, which is taken off; the 
metal is cast into ingots. 

The reduction chamber is only provided with one door, 
situated at the front of the furnace, and through which the 
charge of ore is introduced by large two-handled scoops; 
while the same door also serves as the working door of the 
furnace, and for the rabbling of the charge. The second 
chamber of the furnace, situated between the last one and the 
stack, is very wide but short; it has no openings except the 
flues, which are placed at opposite sides of its shortest dimen- 
sion, and communicate with the reduction chamber and the 
stack respectively, while its use does not appear to be clearly 
imderstood, but it is said to regulate or control; in some 
manner, the draught of the furnace. 
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The method of procedure in smelting galena in tlie above 
furnace is very analogous to that already described, the charge 
of ore being spread evenly over the bed of the furnace, and 
calcined, during about an hour and a half, with frequent 
rabbling of the charge during the operation. The charge ia 
then melted down, and the residue is set up with small c/utr- 
coal and again roasted; so that, during the second calcination, 
the plumbic sulphate and oxide produced in the first calcina- 
tion, and remaining undecomposed after the first melting 
down, may be partially reduced by the charcoal to plumbic 
sulphide and metallic lead respectively; while the plumbic 
sulphide so produced is ready to react in the next fusion upon 
any undecomposed plumbic sulphate and oxide in the manner 
indicated on page 94, with the separation of metallic lead. 
After the metal is tapped out, there remains a ^ey dag, 
analogous to that occurring in the Flintshire furnace, and 
this is smelted in a blast furnace for the recovery of its 
lead. 

46. Bleiberg or Carinthian Process — A method known 
by these names, and analogous to that described in the last 
article, is pursued in the neighbourhood of Bleiberg, in the 
province of Carinthia, in Austria, where it is employed for 
the smelting of a comparatively pure, but practically non- 
argentiferous galena. The process involves three stages — 
1°. Rousting or calcination of the ore at a gradually increas- 
ing temperature, for the production of plumbic oxide and 
sulphate. 2°. The liberation of metallic lead, due to an in- 
crease in the temperature of the furnace, accompanied by 
vigorous rabbling, whereby the unaltered plumbic sulphide 
reacts upon the oxidized products of lead in the manner 
already described. 3°. Reduction by carbonaceous matters of 
the oxidized compounds of lead present in the slag produced 
in the last stage. 

When pure ores, that is, such as do not contain much 
silica, although small quanties of lime, baric sulphate (heavy 
spar), and zinc blende may be present, are operated upon by 
this method, it affords a purer and softer lead than other 
methods, with a good yield of metal, and with the produc- 
tion of only a small qiiantity of slag, which is, moreover, poor 
in lead; but for these results the process entails a large con- 
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Btunption of fuel, with a conBiderable expenditure of time 
and labour. 

The construction of the Bleiberg reverberatory furnace 
diSers materially fixim any of the preceding. It conslstB of a 
chamber a, measuring abont 
10 ft 3 in. from back to 
jront, and abont 4 ft. in 
iridth at the back; while 
from the middle to the 
front or working door h, it 
gradually narrows aa ahowTi. 
The Jir^lace d is a long 
narrow chamber along one 
side of the furnace, the back 
of which, however, only re- 
c^vea the fuel, and com- 
mnnicatea with the atmo- 
apherefrom beneath; so that 
the flame paases over the 
fire-bridge m, along the 

Burface cJ the bed or hearth Pig. 17.— Pian op the Bed op tkb 
of the fiumace, and escapes Blbibkro fcKKACE. 

by a flue situated immediately over the working door to a 
chimney c, about 27 ft. in height, and which serves for a pair 
of furnaces, usually built together. The bed of the furnace is 
fonned by first ramming upon the brickwork a layer of clay, 
of about 6 in. in thickness and shaped to the form of the 
bed, while upon this rests the working bottom, formed of 
lead slaga of abont the same thickness. The finished hearth 
is hollow or concave from side to side, and slopes gradually 
from back to front, or from the fire-bridge to the Sue as 
shown in fig. 18, so that tho melted materials from all parts 
of the furnace drain down to the lowest point at the front 
end of the bed, where the tap-hole is placed, and from which 
the metal flows from the furnace into a trough n placed out- • 
side. In front of the working door is a flue p, which commu- 
nicates with the main flue leading to the stack, and' which 
serves to carry off to the latter any deleterious fumes escaping 
from the working door. The fuel employed in this furnace is 
generally spruce and pine woods; but by a little alteration in 
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conBtraction, it permits of the subsUtution of brown coal in 
lieu of the vood. 

The chai^ of from 3 to 4 cwta. of are is introduced on to 
the hearth througli the door 6 at the front of the furnace, 
and is spread uniformly over Qi6 surface of the hearth. 



where it is exposed to calcination at a low tcmperatare dur- 
ing from 3 to 3^ houra; and during this stage the mass is 
frequently rabbled, while at its conclusion the temperature 
is raised, and the charge again ra,bblad vigorously, when 
mutual decomposition of the plumbic oxide and sulphate with 
plumbic sulphide ensues, constituting the second stage of 
the operation, during which the separated lead runs fi-om 
the tap-hole into the cast-iron pot placed outside for its 
reception; and when lead ceases to flow, the residue or 
slag remaining upon the hearth of the furnace is either 
thickened by the addition of the ashes and small char- 
ooal from tiie ash-pit, and then drawn from the furnace 
until another chai^ has been worked off, when the slag from 
• the two charges is treated together, or, instead of thus with- 
drawing the first charge, wMle a second is worked off, the 
elag may be at once treaied vtit/i charcoal, constituting tJie 
third stage of the process, in which case the mixture of slag 
and amall charcoal ia thoroughly rabbled, and the tempera- 
tore raised considerably with the maintenance of a reducing 
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atmosphere in the furnace, whereby the phimbic oxide and 
sulphate of the slag suffer reduction by the carbonaceous 
matters, yielding thereby about 20 per cent, of metallic lead. 
The whole operation of working off two charges of ore in 
this manner, with the separation of metal from the slag pro- 
duced by the first operation, occupies from 21 to 23 hours. 

47. ComiBh Process of Lead Smelting. — ^In Cornwall 

and certain Continental works, an impure galena, yielding 
from 60 to 70 per cent, of lead, and associated with qvxirtz 
and fluor-Sfpar^ with sometimes also ziinxi hhndey spathic iron 
orejfaMerz, etc., is smelted in two stages, conducted in two 
distinct reverberatory furnaces, known as the " ccUciner " and 
the '^floujing furnace " respectively, of which the former is 
of larger dimensions than tiie latter. 

The reduction of the metal is effected according to the 
method here pursued, partly by the reaction of the oxidized 
products of lead resulting from the calcination of the 
charge, upon the unaltered sulphide, as in the Flintshire 
furnace; but a further decomposition is effected in this pro- 
cess by adding to the charge of the flowing furnace about 
6 per cent, of pieces of acfrap-iron along with a quantity 
of culm (small anthracite), both of which liberate lead from 
the ore; so that instead of metal and slag alone being pro- 
duced as in the previously described processes, there is, ac 
cording to this treatment, metallic lead, which is first tapped 
out from the furnace; above which is a reguhia from which 
a further quantity of lead can be separated by a subsequent 
smelting; while lastly, b, fluid s^, practically free from lead, 
and known as run slag, is tapped from the furnace; and, 
further, when smelting the argentiferous ores imported from 
South America according to this process, then a fourth pro- 
duct or speise is obtaiaed, so that lead, speise, regvlus, and 
slag are successively tapped from the furnace. The Cornish 
method thus forms a connecting link between the air-reduc- 
tion process, as pursued in the Flintshire furnace, and the 
"iron-reduction" process, as conducted in the blast and 
cupola furnaces to be hereafter treated upon; and as already 
noted, '' anthracite " is also added to the charge, so that the 
method of smelting lead in the flowing furnace affords an 
example of a combination of the methods tabulated on p. 93« 
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The Comisli method of redaction is also pursued in North 
Wales, etc., for the separation of the lead from the rich grey 
slags produced in the Flintshire furnace, as also for the treat- 
ment of various other lead residues. The lead obtained bj 
this process is however generally hard, and requires softening 
before being ready for use, while any copper present in the 
ore passes into the regulus, or slurry ^ as it is ^dled. 

The ccUcining stage of the Cornish process is effected in a 
reverberatory furnace, in the roof of which is an opening for 
the introduction of the charge, previously dried by exposm-e 
upon the top of the calciner. This furnace has a door at each 
side, and one at the flue end of the bed; the fire-bridge is 
built hollow, and beneath the bed of the furnace is a vault or 
cave, into which, at the close of the calcination, the roasted 
materials are raked through two openings in the furnace 
bottom, situate one at each side of the furnace, beneath the 
back and front doors respectively. The ore for calcination, 
having been dried on the top of the furnace, is introduced 
through the opening in the roof, and spread over the bed of 
the furnace, where it is exposed to the heat and oxidizing 
atmosphere of the furnace for from fifteen to twenty hours, 
during which time the charge is frequently rabbled, and a 
little lime thrown in as occasion requires, to prevent clotting 
of the ore; and at the end of the calcination the charge is 
raked through the opening already mentioned into the vault 
below, when a fresh charge of ore is introduced through the 
roof on to the bed of the furnace. The charge of these 
calciners varies from 25 to 60 cwt. of ore, according to the 
size of the furnace. 

The calcined or roasted ore is introduced into the '* melting^ 
or **Jlovnng furnace^* through the two doors at the back side 
of the furnace, and is spread over the hearth or bed, when the 
furnace doors are closed and the heat raised, whereby the 
charge of about two tons is melted down in from two to 
three hours, attended with the separation of a certain pro- 
portion of lead reduced by the reaction of plumbic sulphide 
upon the oxidized products — ^plumbic oxide and sulphate — 
produced during the previous calcination, exactly in the 
manner described with the Flintshire furnace; and if the 
ore be rich, the proportion of lead so separated will be con- 
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siderable, and is at once tapped oat. The melted charge- is 
next dried or mixed with a quantity of lime or culm 
(powdered anthracite), and again spread over the bed of the 
furnace, when from 1 cwt. to 2 cwt. of scrap-iron is intro- 
duced, upon which the doors are again closed and the charge 
remelted, by which the iron and carbonaceous matters act 
upon the plumbic compounds, with the separation of metallic 
l«ui ; while a portion of the iron, combining with sulphur, 
yields ferrous sulphide, which, in combination with other 
sulphides present in the ore, form a regulus or mait; so that 
on again tapping the furnace, lead, regulus, and slag run suc- 
cessively from the tap-hole into the lead pot placed outside 
the furnace beneath the tap-hole, the slag being allowed to 
overflow the pot into a gutter which conveys it to a pit 
arranged for its reception. The iron probably also decom- 
poses plurnbic silicate, formed during the fusion of the lead 
compounds (notably of plumbic sulphate), with the quartzose 
gangue with which the ore is associated, yielding thereby a 
slag of ferrous silicate and liberating metallic lead. 

The Jlovnng fy/mace employed in the fusion differs but 
slightly from, the Flintshire furnace already described, the 
latter has^ however, six doors, while the flowing furnace has 
only four, viz., two upon each side of the hearth, while the 
working bottom is in both cases formed of lead slags, and in 
the flowing furnace it is concave, sloping from both the fire- 
bridge and flue-end towards the middle, while it slopes also 
from the back towards the tap-hole. The hearth measures 
about 14 feet in length and 8 feet in breadth. 

The working off of a charge in the flowing furnace usually 
occupies about eight hours, from the time of charging the 
furnace to the final tapping out of the slag; and the slags 
are usually sufficiently clean to admit of being thrown away, 
since they do not yield more than 1 per cent, of lead. 

48. Smelting in the Ore Hearth. — In the north of England, 
especially in the coimties of Durham, Cumberland, Northum- 
berland, and Yorkshire, it is the practice to smelt lead ores, 
or, as it is here called, " boiise" in the furnace (fig. 19), known 
as the ore hea/rth or Scotch fumaccy and which consists of a 
rectangular chamber or cavity (a) of some 24 inches in length, 
12 inches in breadth, and from 22 to 26 inches in depth^ 
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vhich is lined entirely with cast-iron plates, the bottom hehig 
formed of one piece. Thecayityorheu-thisencloBedbyakiiul 
of arched hood (6) for carrying away the fumea, etc., produced 
during the smelting; while tiirough the back of the furnace, 
and resting upon the baeh-etone (to be presently described), is 
introduced a twyer, through which a blast of air can be main- 
tained. At the front end of the cavity or hearth (a) is placed 
the work-stime (e), surrounded by a ledge on all edges except 
that nearest the heiLrth ; while from top to bottom of this 
plate is cut a groove, giitter, or cbanuel, along which the 
lead flows into the lead pot outside as the hearth fills and 



Fig. 19.— Elevatiok or the Oeb Hbakth, paktit in Ssctiob. 
overflows with metal. The work-stone inclines from the hearth 
(a) to the Uad pot (d), and its top edge is about 6 inches 
above the bottom of the hearth. At the back of the furnace 
is placed the cast-iron priam or hack-stone (e), upon which is 
placed a similar cast-iron prism (/), known as the pipe-stone, 
and which projects a short distance over the cavity of the 
hearth ; while surmounting the pipe-stone is another cast-iron 
block, known as the upper back-stone; and along the aidea of 
the furnace, resting u])Oii the hearth bottom, are placed two 
prismatic castings or bearera [g), on which rest the eictremities 
of the iront prism of cast-iron analogous to the back-stone, but 
which is known as the ^ore-stone, each extremity of which \^ 
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received between two cast-iron blocks placed upon the bearers 
of each side, and known as keystones — ^by moving which back- 
wards or forwards the fore-stone can be moved in the same 
direction. At the sides of the furnace, on the level of the 
key-stones, is an opening through the brickwork, through 
which the workmen clear away any slag adhering to the 
twyer, and also introduces a peat before the nozzle in com- 
mencing and during the working of the furnace. 

The several parts of this hearth are described as stones, 
although each is made of cast-iron; and the hearth, as described 
above, is supported by brickwork, or brickwork and rammed 
clay, as shown in the figures. 

The ore or hoTise for smelting in the ore furnace is at 
certain works first calcjned in a reverberatory furnace, in 
charges of about half a ton at a time, the roasting being 
continued at a moderate temperature during about eight 
hours, while the heat is increased towards the close, so as to 
slightly agglutinate the ore, and so prevent the finer particles 
from being carried into the flue by the mechanical action of 
the blast in the ore heartL During the roasting the mass is 
fi:«quently rabbled or stirred, the sulphur with antimony (if 
present) being oxidized, and partially escape as sulphurous 
anhydride and anfcimonious oxide respectively; while plumbic 
sulphate and oxide are produced at the same time, and remain 
in the bouse to be charged into the ore furnace. The ore is 
then raked from the furnace or calciner, and, if necessary, 
thrown into a pit of water, or water is thrown over the heated 
mass, so as to break it up ready for charging into the ore 
hearth. At other works tie ore is not calcined previous to 
smelting, but is charged directly into the ore furnace for 
reduction. 

Supposing the ore furnace to be cleaned out from a previous 
operation, the rectangular cavity or chamber (a) is filled with 
peat, judiciously arranged around the hearth, since peat, with 
only a small proportion of coal, constitutes the fliel of this 
furnace, which affords accordingly the only example of a 
metallurgical process in use in Ihigland where peat is the 
fuel employed. The peats being properly arranged in the 
hearth, an ignited peat is then placed in front of the twyer, and 
the blast is turned on, whereby combustion rapidly spreads 
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i. 

througliont tiie furnace^ upon wMcli a little coal is added, and 
shortly afterwards a small portion of the partially reduced ore 
mixed with slag and cinders, which remains upon the hearth 
at the end of each shift, and which is technically known as 
" browse" or " brouse" is thrown into the hearth, when, after 
the lapse of about half an hour, the temperature having in 
the meantime increased, and lead began to flow from the 
brouse, the contents of the hearth are stirred up and a por- 
tion of the charge is thrown forward on to the work-stone (c), 
and any grey slag is separated, when the residue is returned 
to the furnace and the regular working of the hearth succeeds; 
the charge being thus worked upon a bath of metal contained 
in the bottom of the hearth, and upon which the ore and fuel 
float. But the working requires a careful manipulation of the 
peats which are judiciously placed before the twyer, so as to 
distribute the blast imiformly over the hearth, while the ore 
or bouse is added to the furnace charge in small quantities at 
a time, always introducing it on to that part of the hearth 
which appears hottest, when the work then proceeds regu- 
larly, with the introduction of peat-fuel and bouse as required, 
the workmen stirring the charge with iron bars at intervals 
of about Ave minutes ; whilst at intervals of about twenty 
minutes they throw forward a portion of the charge on to 
the work-stone for the separation, as before, of grey slag, and 
to permit of the breaking up of any large lumps of browse 
that may have collected ; after which the browse, with a cer- 
taiQ quantity of coal and quick lime, is returned to the fur- 
nace, and a fresh supply of raw or roasted ore is placed on 
the top, while, at the same time, another workman introduces 
his bar into the furnace and detaches any slag, etc., that may 
have attached itself to the twyer. Lead is now freely reduced 
from the ore, and collects in the bottom of the hearth, which 
it soon overflows, and passes along the gutter or channel in 
the middle of the work-stone into the kettle or lead pot (d)^ 
which, when full, is skimmed, and the metal ladled out into 
moulds forming pig-lead. In a shift of from twelve hours 
to fourteen hours the above furnace will yield about 2 '5 tons 
of lead. 

The method of manipulation, detailed above, is somewhat 
modified in different works — ^thus, after separating the grey 
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slag on the work-stone, and breaking up any lumps of browse, 
it is the practice in some works (only if the latter shows a 
tendency to become pasty) to spread over it, before returning 
to the furnace, a little slaked lime in powder, and thereby 
prevent its clotting. 

The temperature employed in the ore furnace or Scotch 
hearth is much lower than that employed in the Flintshire 
and other reverberatory furnaces hitherto described, and the 
reduction of the ore is effected largely according to the reac- 
tions (already described, p. 94) between plumbic oxide and 
sulphate wiiJi plumbic sulphide — ^the formation of oxidized 
proiducts for effecting these decompositions being promoted 
by the exposure to the action of the atmosphere of the 
heated browse upon the work-stone, in the manner described; 
while possibly a smaller proportion of metal may also be 
reduced by the action of carbonaceous matters upon the 
oxidized compounds of lead. 

The slag obtained in this process, though not very large in 
amount, is rich in lead, existing partly as metallic particles 
mechanically diffused throughout the slag, and also as pliuubic 
oxide, sulphate, silicate, and undecomposed sulphide — the 
total amount of lead so retained being found in a specimen 
of slag to amount to 31 per cent.* of the slag ; while the 
slags generally retain on an average about 10 per cent, of the 
total amount of the lead in the ore. Other constituents of the 
slag are lime, magnesia, zincic oxide, ferrous oxide, alumina, 
silica, baric sulphate, mechanically mixed carbon, etc., — the 
whole coDstitutrug a very heterogeneous mass of materials. 

The ore furnace cannot be worked uninterruptedly, since it 
becomes too hot.t To overcome which difficulty it has been 
proposed, as in the American hearth, to make the hearth-box 
hollow, and so cool it by blowing air around the hearth. 

The ore furnace is applicable to the treatment of poor ores in 
districts where peat is abundant, and coal more or less scarce; 
bat where coal is cheap and abundant, this furnace cannot be 
applied to the smelting of lead in opposition to the reverbera- 
tory furnace. 

49. The American Ore Hearth. — ^This modification of the 
ore furnace or Scotch hearth, last described, was formerly in 

♦ Percy. Metallurgy, Vol. III. f/Wrf. 
19—11. H 
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use in the United States, Carinthia, Bohemia, etc. It is 
arranged so as to heat the blast ofair employed in the fuxnace, 
effecting thereby an economy in the amount of fiiel required, 
while, at the same time, the circulation of the blast is made 
of service in keeping down the temperature of the heartL 




lig. 20.— Elbvatioit of ths Amebicak Ore Hearth. 

With these objects, the cast-iron walls of the hearth are made 
hollow, and the blast which is introduced by the pipe (a) is 
made to circulate in the direction indicated by ^e arrows 
(fig. 21) around the hearth before entering the furnace by 
the ttvyer at b. The lead, as it is reduced, collects in the 
hearth (c), as in the last furnace, and, overflowing the hearth, 
flows along a channel in the worl^atone {<£) to the receiver (e). 
Wood is the fuel employed in this furnace, and the method 
pursued in its working is but a modification of that last 
described. The hearth (c) being filled with metal, and the 
charge worked upon this bath in the manner described in the 
last article, except that instead of peats, the workman intro- 
duces pieces of wood before the twyer for distributing the 
blast etc., and charges the furnace wiiJi raw ore (galena) ; when 
the smelting is attended with the same cycle of oxidiang and 
reducing reactions as before, care being taken, however, that 
the temperature of the furnace be not sufficiently intense to 
fase the galena, otherwise the reduction of metal is much 
checked, and hence also the desirability of using a light fuel, 
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as wood, in lieu of the more dense combustibles which would 
afford too great an intensity of heat. The blast is shut off 
while the charge is brought forward on to the work-stone; 
and the charge is reintroduced into the hearth after the 
necessary breaking up, etc., along with a fresh quota of ore, 
before the blast is again turned on — ^the amount of blast in- 
troduced being controlled by a suitable valve opened and 
closed by the workmen as required. 




Kg. 21. — ^Plan op the Bed of thk American Ore Hearth. 

The following is given by Plattner as the composition of 

the slag produced in the Amercan ore hearth at Bleiberg, in 

CSarinthia: — 

Silica, 6-260 

Sulphuric Acid, - - - - - 6*038 

Plumbous Oxide, ' - . - - 37-710 

Ferric Oxide, 19-500 

Zincic Oxide, 19-200 

Molybdic Acid, ----- '460 

lime, ------ 8-856 

Magnesia and Manganous Oxide, - - 1-417 

Alumina, with traces of Potash, Soda, and ) i .^gn 

Cuprous Oxide, - - - - J '"" 
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IBON-REDUCTION PROCESSES FOR THE SHELTIITO 09 LEAD ORES. 

The methods of reduction by iron, or by iron- yielding 
material, as iron ores, iron scales, basic ferrous silicates, etc, 
which afford iron by contact with carbonaceous matters in the 
furnace, are employed in Silesia, Saxony, Bohemia, the Hartz, 
Japan, etc., for the reduction of lead from galena, or from 
oxidized products, as plumbic silicates, etc., as well as for the 
treatment of the less pure, quartzose, aigillaceous, or more 
refractory ores and products. Such as ores containing, in 
addition to lead, a considerable percentage of zinc, copper, 
antimony,' etc., or more than about 4 per cent, of lulica, 
which ores do not readily yield to the air-reduction pro- 
cesses, owing to the formation of plumbic silicate, which 
impedes the reduction in the reverberatory furnace, and 
gives rise to residues which are rich in lead; such 01*68, then, 
are best treated with iron in the blast furnace, since, as 
already stated (pp. 81, 82, and 85), both the sulphur and 
oxy-compounds of lead are completely reduced when heated 
with metallic iron. Both the blast and reverberatoiy type 
of furnace have been employed in the reduction of lesul by 
means of iron, but the blast or cupola furnace is more 
economical, and of more general application in these methods. 
The blast or cupola furnace generally employed is of small 
dimensions, ranging from 3 to 5 feet in diameter, and only 
from 10 to 20 feet in height. 

The method of lead smelting, as conducted in the " flow- 
ing furnace," already described, forms a transitionary stage 
between the " iron-reduction" processes, as pursued largely 
upon the Continent, and the "air-reduction" process gene- 
rally employed in England. 

Two types of procedure are observed in the treatment of lead 
ores, by the methods of reduction by iron, according to which 
the raw ore is either treated directly with' iron or ferriferous 
matters, or the ore is flrst roasted and then treated in the 
blast furnace with iron or iron-bearing materials; the latter 
method being generally applied to such ores as contain large 
proportions of earthy and metalliferous impurities, and to the 
treatment of lead regulus. But in either case three products 
are obtained as the result of the smelting operation, viz^; 
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1° Lead, wUch, is generally sufficiently argentiferous to be 

directly treated by cupellation, for the extraction of its Bilrer; 

2°, ft regulue or Ttiatt, consiBting chiefly of ferrous and plumbic 

sulphides, but retaining also a proportion of silver, and which 

matt is again treated in a subsequent operation ; and 3°, a slag, 

containing Tariable proportions of lead, according to ■which. 

it is either thrown away, or again smelted for the recovery 

of its metal. 
00. Lead Smelting io Silesia- — At Tamowitz, etc., in TTpper 

Silesia, the method of 

smelting silicions lead ores 

in blast furnaces, employ- 

ing iron as the reducing 

agent, with charcoal, coke, 

or coal as the fuel, has 

been employed But coke is 

generally preferred aayield- 

ing a regnluB whidi is 

poorer in lead than when 

charcoal is employed, while 

affording a greater yield at 
metal, with a shorter dura- 
tion of the smelting opera- 
tion than when coal is 
used as the fuel; but with 
the introduction of more 
perfect blowing apparatus 
coal has been adopt«l. The 
furnace employed (fig. 22), 
and resembling the sla^- 
hearth described in pp. 136, 
137, is formed of an inner 
lining (a) of fire-brick en- 

doged in an outer wall of j- 22. -Vertical Sectios or raa 
common bnck; the furnace Blast Pcrnaob employbd in 
is supplied with one in- Uppbr Silesia fob thb Smbltiko 
dined twyer (6), situated ''' ^''^- (Joftobimathal). 
ftt the back of the furnace, and at about 15 inches above 
the level of the fore-hearth. The hearth and abaft (c) are 
rectAngular in Bection to the height d, where it becomes 
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circular, and communicates with a series of chambers for 
the condensation and collection of any fumes that may be 
volatilised, or of arresting particles mechanically carried by the 
blast from the furnace hearth. The hearth (e) is composed of 
a brasque of equal parts of clay and coke duist, and communi- 
cates with the fore-hearth by an opening or eye, through 
which the slags are drawn off; while a communication is 
made with the bottom of the hearth, for tapping out the 
metal and regulus into separate receptacles placed in front, 
the tap-hole being closed by a plug of clay, except when 
drawing off the metal. 

The mixture of ore, fuel, flux, etc., is introduced from a plat- 
form m, through an opening near the top of the furnace shaft; 
the charge consisting of about 100 parts of raw ore, with 12 
to 15 parts of cast or scrap iron, from 12 to 14 parts of iron 
slags or forge scales, and about 30 parts of lead slags; a 
charge of these proportions requiring for smelting about a 
ton of coal per ton of ore. 

The furnace is charged or fed by throwing the ore mix* 
ture against the back side of the furnace, while the fuel 
is introduced towards the front; the effect of the distri- 
bution of the materials in this manner being to form a 
slag-prolongation or nose upon the end of the twyer, and 
which prolongation, according to its length, affords a dark 
or bright eye or opening at its end, by which the work- 
man is enabled to observe the working, and adjust the 
charges to the requirements of the furnace; thus, if the 
temperature falls, the nose becomes longer and more nearly 
closed at the end, the "eye" becoming accordingly less 
luminous, indicating thereby that the burthen is too heavy, 
i.e., that there is an excess of ore to fuel in the furnace 
charge; while on the other hand an excess of fuel in the 
charge bums away or melts the nose, affording a brighter 
" ®y6," and causes the temperature near the front wall to be 
lowered, owing to imperfect distribution of the blast by the 
shorter nose, whei*eby slag, etc., adheres to and forms accre- 
tions on the front wall impeding the proper descent of the 
charge. 

As above stated, the products of smelting in this furnace 
are a rich lead, which is at once treated for the extraction of 
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its silver; secondly, a reguhis of ferrous sulphide produced 
by the reaction of the iron upon the plumbic sulphide in the 
separation of metallic lead, and which regulus also contains 
more or less undecomposed plumbic sulphide with a little 
silver, along with smaller and variable proportions of other 
metallic sulphides, such as those of copper, zinc, antimony, 
nickel, manganese, etc.; this regulus being treated for the 
extraction of its lead and silver by roasting and subse- 
quent treatment as a roasted ore in the blast furnace; while 
lastly, there results a proportion of slag, containing variable . 
amounts of lead, and which is classed as clean alag^ if con- 
taining only about 2 per cent, of lead, and is then thrown 
away; or, tf it retains upwards of 6 per cent, of metal, the 
slag is called uncleauy and is again smelted, either alone or as 
part of a subsequent furnace charge, serving thereby to give 
the required fusibility in the treatment of the richer ores of 
the district. 

The low blastfurnace, described above, was employed in the 
smelting of such rich ores as occur in fragments, and contain 
fix>m 76 to 80 per cent, of lead, while the poorer ories, and 
the acMiech or slimes from the first-mentioned ores, were 
smelted in the high blast furnace; but the method of smelt- 
ing in the blast furnace has been largely superseded at Tar- 
nowitz by the method of reduction in the reverberatory 
furnace. The SUesian low blast furnaces work continuously 
during eight or ten days, when it is found necessary to stop 
the smelting,, in order to repair the interior of the furnace. 

51. Lead Smelting in the Hartz. — The method of smelt- 
ing here pursued is applicable alike to the treatment of ores 
containing considerable proportions of foreign sulphides, or 
to the smelting of lead regulus. The method comprises two 
stages, the first, or roasting, is usually performed in the district 
of the Hartz in pyramidal heaps, containing from 75 to 150 
tons of ore or regulus, while in other districts adopting this 
method of smelting, the reverberatory furnace is applied to 
the purposes of roasting the ore. In the second stage, or 
fusion, the roasted materials are smelted in admixture with 
silica, slags, and residua from the various operations in the 
smelting and cupellation of lead, along with scrap4ron or 
granulated cast^ron; but the addition of metallic iron is not 
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now universal, for if the roasting be conducted with consider- 
able care and attention, the necessity of adding iron is 
avoided, and its use has been accordingly discontinued at 
some of the works; and the method has been generally 
superseded by the method of smelting in the Eachette fur- 
nace, employing basic ferrous silicate (finery slags or highly 
ferruginous copper slags) as the reducing agent, as will be 
described in tJie next article. The fusion is effected in the 
Hartz district in low blast furnaces, employing either coal, 
coke, or charcoal as fuel. 

The roasting of the ore or regvlus is usually conducted in 
the district of the Upper Hartz as at Hammelsberg, etc., in 
pyramidal heaps; for which purpose a layer of pine wood is 
first placed upon a level and solid piece of ground, and this 
is succeeded by layers of the ore, broken into pieces of about 
the size of the fist, the smaller pieces being placed in the 
layers near the top of the pile; while above this, and com- 
pleting the pile, is applied a layer of small ore or regulus 
which has been previously once roasted, whereby a too rapid 
combustion of the sulphur in the ore is prevented. The heap 
is fired by igniting the wood in the bottom of the pile, when 
the combustion is chiefly continued by the oxidation of the 
sulphur in the ore, a portion of which is sometimes collected 
in the top of the pile by forming a series of cup-like depres- 
sions in the upper surface of the covering of the pile, whereby 
a portion of ^e sublimed sulphur collects in these cavities, 
and is laded out from time to time. The first firing continues 
for from two to four weeks,* when the pile is broken up and 
the brownish-grey earthy-looking lumps of well roasted ore 
are separated from the raw or imperfectly roasted portions, 
the operations of roasting and separating being repeated again 
and again upon the same charge of ore for some six or eight 
times in succession, and each time with the addition of a fresh 
quantity of wood and rearrangem^it of the pile, so that the 
more imperfectly roasted pieces are each time put towards 
the base of the pile, and thus subjected to the greatest heat; 
.the total period of roasting thus occupies from fifteen to 
twenty weeks for its completion, each firing being of shorter 
duration than its predecessor. 

* KerL Sandbuck der MetcUlurgischen Huttenhmde, 
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The ore or regulus before roasting consists largely of the 
sulphides of lead, iron, copper, zinc, etc., of which the first 
mentioned is converted by the roasting into a mixture of 
plumhous oxide and sulphate (p. 80), the ferrous sulphide 
likewise by oxidation becoming ferrous sulphate, and even- 
tually ferric oxide (p. 46, Vol. I.), while the sulphides of zinc 
and copper likewise are converted, as described on pages 14, 
163, respectively, into their respective oxides. 

The smelting or fusion of the roasted product is conducted 
in a low blast furnace, with the production thereby of — 1** 
An argentiferous and frequently auriferous lead. 2° Lejod 
regvlusy consisting largely of the sulphides of lead and copper, 
with smaller quantities of ferrous sulphide, and still retaining 
also some silver. 3° Lead slcigs, consisting of a basic silicate 
of iron, with alumina, cuprous and plumbic oxide in small 
quantities; while magnesia, lime, manganous oxide, zincic 
oxide, antimonious oxide, and sulphur are one or more fre- 
quently present in small quantities. The smelting mixture 
varies much in difierent works, but a charge employed at 
Kammelsberg consists of 35 cwt. of the roasted ore, 10 cwt. 
of silicious slags, together with from ^ to /J cwt. of plumbi- 
ferous residues, which ingredients are mixed on a floor just 
below the level of the opening in the blast or cupola furnace, 
at which the charge, along with the fuel consisting of either 
coal, coke, or charcoal, is introduced; the addition of scrap- 
iron to the smelting mixture being made at certain works, as 
at Clausthal, Altenau, etc.; but at Rammelsberg, Andreas- 
berg, etc., the roasted ore or regulus contains sufficient ferric 
oxide to render the further addition of iron unnecessary. 
The charge last described yields from 8 to 10 per cent, of an 
argentiferous lead, which is subjected to cupellation for the 
extraction of its silver and gold, while the regulus or niatt 
produced in the process, and which is still rich in lead and 
often in silver, is again roasted after the manner already 
described, and then resmelted in the cupola blast furnace, by 
'Which, in addition to lead and slag, a second regulus is ob- 
tained, upon which the process is again repeated, the cycle of 
operations being usually repeated upon the resulting regulus 
about four times^ when it has become too poor for further 
treatment. 
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The lead obtained by these smeltings Qsoally contains a 
notable proportion of copper and antimony, sometimes also 
arsenic, whereby the me^ is rendered somewhat hard and 
brittle. «> 

62. Lead Smelting^ with Basic Ferrous Silicate. — In 

the Hartz smelting districts the reduction of lead from its 
sulphur ores, by the direct action of cast or scrap iron, has 
been largely superseded by the method of reduction with 
basic ferrous silicate; for which purpose the Eachette blast 
furnace is employed, the latter laying, as indicated in YoL 
I., page 89, a long rectangular hearth, with a row of water 
twyers along each of its longer sides, and a shaft that in- 
creases in width gradually from the hearth upwards, while 
the two ends or narrow sides of the fiimace are exactly 
similar, and each end is provided with a tap-hole for drawing 
off the metal, regulus, and slag in succession. A basic 
ferrous silicate available for this process is aflforded by the 
slags of the iron finery, or, as is more generally employed 
in the Hartz, by an analogous product (slag), produced in the 
method of copper smelting pursued in the lower Hartz. 

In France, etc., silicious ores of lead are smelted with 
basic ferrous silicate, the process employed comprising two 
stages; the first stage, or calcination of die ore, being effected 
in a reverberatory furnace, while the second stage, or redijuo' 
tiony is effected in the blast furnace, employing basic Jerroita 
silicates and lime as fluxes. 

The calcination of the coarsely-powdered ore is effected 
upon charges of about 28 cwt. of ore, introduced from a 
hopper above, on to the red-hot hearth of a reverberatory 
fumaca The charge having been spread over the bed, the 
working doors are closed until the whole mass has attained 
to redness, when rabbling is commenced and continued at 
intervals of a few minutes, so as to expose every portion of 
the charge to the oxidizing atmosphere of the furnace, and 
so to convert the plumbic sulphide into oxide and sulphate, 
with the escape of sulphurous anhydride. During the cal' 
cination it is necessary to maintain the contents of the 
furnace at a dull red heat, and care is required not to allow 
the temperature to rise sufficiently high to soften or agglome* 
rate the ore, otherwise the process is very much retarded; 
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but at the end of the calcination the temperature is raised 
BO as to agglomerate the particles of ore previous to their 
introduction into the blast furnace. The total time occupied 
in the calcination and agglomeration of a charge is about 
8 hours. 

The redtuition of the roasted or calcined ore is effected in 
blast furnaces similar to the Castilian furnace, described on 
p. 139, except that they are a little higher than the latter, and 
are charged in at the top, which, for this purpose, is closed by 
a movable plate. The smelting mixture employed in France 
usually consists of calcined ore, grey slags from the reverbera- 
tory furnace, agglomerated lead fume, and basic ferrous 
silicate (finery slags), the latter constituting about 18 per 
cent, of the mixture. The furnace being in blast and in 
working order, the above mixture is then introduced in 
alternate layers with about 10 per cent, of coke, when the 
metal and slag collect in the concave hearth of the furnace, 
the slag running out almost continuously through a tap-hole 
made in the fore-breast of the furnace, and is received in 
waggons from which, after cooling, it is tipped, examined for 
shots of metal, and is then usually thrown away. When the 
hearth is judged to be filled with metal, the slag-hole is tem- 
porarily stopped, and the metal is tapped out in the usual 
manner into the lead pot, the tap-hole being stopped as soon 
as the slag makes its appearance, and the lead, after skim- 
ming, is then laded into ingot or pig moulds. 

LEAD SMELTING BY ROASTING, AND SUBSEQUENT REDUCTION 
OP THE OXIDIZED PRODUCT IN BLAST AND REVERBERA- 
TORY FURNACES. 

This method of procedure is pursued in the very extensive 
lead smelting works of Freiberg, for the treatment of the 
great variety of argentiferous lead ores occurring in some 
900 lodes of the gneissic formation of the vicinity, and 
which ores are divisible into several classes, according to their 
geological age and the character of the accompanying gangue 
or vein-stuff Of the minerals occurring with die galena in 
the various ores of the Freiberg district may be noted, iron 
pyrites, mispickel, zinc blende (ZnS), copper pyrites, vitreous 
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copper, faHlerz, and various ores of silver, togeiher with a 
gangiie oonsisting of quartz, calo-spar, fluor-spar, heavy-spar 
(BaSO^), spathic carbonate, etc., in very variable propor- 
tions. The various ores are mixed together for the smelt- 
ing operation so as to yield on assay an average of about 
40 per cent, of lead, with *15 per cent., or about 49 oz., of 
silver per ton of ore; and as will subsequently appear, the 
copper becomes more and more concentrated in each of the 
three regulii obtained in the process, while copper, as also a 
little nickel, are frequently extracted therefrom as auxiliary 
products of the smelting campaign. 

63. Freiberg ProcesB. — The smelting operations pursued 
at Freiberg for the extraction of an argentiferous lead from 
the above ores are conducted in three stages*: — 1°, (xU- 
cination and smeUing of certain ores in blast furnaces; 2^, 
smelting of tlie regtdus produced in the first operation, also 
conducted in the blast Sunace; and 3°, smelting in the rever- 
beratory furnace of the slags produced in the previous opera- 
tions, together with certain a/rgentiferous ores poor in lead. 

The calcination of the ore for treatment in the first smelt- 
ing stage is effected in large double-bedded calciners, in which 
the flame from the fireplace passes over the lower bed, and 
then through an opening or flue at its back extremity on to 
the upper bed, and so forward to the front end of the upper 
bed before escaping from the calciner; so that in this manner 
the charge, being introduced at the front end of the upper 
bed, and gradually raked at intervals towards the opposite 
end, falls from thence through the opening at the rear end 
on to the lower bed, and is from thence raked forward 
towards the front or fire-bridge end of the lower bed, 
and is thus exposed during its passage through the furnace 
to a gradually increasing temperature, the final heat of the 
calcination near the fire-bridge being sufficient to aggluti- 
nate or render the mass of ore somewhat pasty; while the 
temperature of the upper bed scarcely exceeds dull redness. 
The ore is withdrawn from the fire-bridge end of the calciner, 
while fresh ore is being continually added at the front end of 
the upper bed, to supply the place of the charge, as one por- 
tion is withdrawn and the remainder raked forward a step; 

* Percy, Metallurgy, VoL III. 
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SO that the total charge of the calciner consists of ore in 
various stages of calcination, according to its position' upon 
the two beds of the furnace. By this method of roasting, 
the ore is exposed for from 8 to 16 hours, according to the 
size and exact construction of the calciner, to the oxidizing 
atmosphere of the furnace; whereby the sulphur is oxidized 
and largely expelled as sulphurous anhydride (SOo), while 
the lead, copper, iron, zinc, antimony, etc., exist in the 
roasted product almost wholly in the oxidized state. The 
sulphur remaining in the roasted ore does not usually exceed 
from 4 to 6 per cent, of the mass, and occasionally falls even 
lower than die former figure, from which it will be observed 
that the calcination of the ore is here pushed much further 
than is necessary when smelting by the English method in 
the Flintshire furnace, since, as wUl be observed presently, 
the object of the roasting at Freiberg is to produce oxidized 
products of lead, which are then reduced by the carbonaceous 
fuel of the blast furnace, and not by the reaction of plum- 
bic oxide and sulphide upon each other, as occurs in the 
Flintshire fiimace. In addition to the oxidized products 
already mentioned, silica constitutes from 15 to 20 per cent, of 
the roasted product, which further contains alumina, lime, and 
magnesia in smaller proportions. The calcined or roasted 
ore thus contains from 20 to 24 per cent, of metallic lead, 
with from 22 to 26 per cent, of metallic iron, and about 1 '5 
per cent, of silver. 

The product of the calcination is then mixed with one- 
third of its weight of the roasted lead regidua obtained from 
the smelting of the slags, etc., in the third operation tabulated 
above; and to this mixture is added 5 per cent, oi fluor-spa/r 
or Ivme and a suitable proportion of slagSy the latter serving 
at once to form a " Twse " or slag prolongation of the twyer, 
in the same manner and with a like object to that described 
in the Hartz process, while its addition also serves for the 
separation and economising of the shots of lead and regulua 
tbat are frequently mechanically entangled in the slag thus 
employed* This mixture of roasted ore and fluxes, along 
wiUi the necessary fuel, are now charged into a low blast 
furnace, the ore mixture being thrown towards the back wall 
of the furnace, while the fuel (coke) is thrown against the 
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front or fore wall, the proportions of ore to fuel or bnrthea 
of the furnace being regulated, as previously described, accord- 
ing to the indications of the " eye " of the furnace, the proper 
proportion being attained when the *' nose " or slag prolonga- 
tion of the twyers measures from 4 to 6 in. in length. 

The blast furnace employed at Freiberg measures about 
20 fb. from the twyers to the top of the tunnel head, while 
the shaft from back to front at the level of the twyers mea* 
sures about 42 in., and from side to side about 64 in. ; and 
the upper portion of the shaft is divided for a certain distance 
from the top by a central wall or mid-feather into two shafts. 
The furnace is supplied with two twyers, introduced through 
the back wall witb a slight inclination downwards, and the 
hearth projects beyond the line of the front wall, forming a 
fore-hearth. The shaft is' lined throughout its whole height 
with a refractory lining, and the hearth is formed of three 
layers; thus in the bottom is first introduced a layer of slags, 
and upon this is rammed a bed of clay, while above the latter 
is the working bottom of brasque, well rammed between the 
furnace walls and the dam-plate, and which is further hol- 
lowed out to the form required. The furnace is well drained 
by suitable channels left in the masonry of the structure; 
and it is charged, through a pair of apertures near the top or 
tunnel head, in the same manner as an ordinary cupola fur- 
nace; while the metal, regtdtcs, and slag, the products of 
the smelting operation in this furnace, are tapped out at 
intervals of about 6 hours through a tap-hole stopped with 
clay, and situate in the lower part of the front wall or breast 
of the furnace, from whence the products are received in 
receptacles placed for their several reception; and in addition 
to the above products a small quantity of apeise is also fre- 
quently obtained between the metal and regulus. 

The reactions in this furnace are essentially deoxidizing^ in 
which the carbon added as fuel constitutes the reducing agent; 
for the roasted ore introdiiced into the blast furnace contains, 
as already noted, lead in combination with oxygen and sul- 
phur, constituting pluTnhic oxide and sulphoiley of which the 
former is readily reducible by carbonaceous matters at a 
moderate temperature (page 73), so that as this oxide desooids 
through the furnace it is quickly and readily reduced by 
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contact with tHe incandescent fuel (carbon), and the metal 
thei-eby separated will further alloy itself quickly with any 
metallic silver reduced from the charge either by the direct 
action of heat alone, or by the joint action of heat and car- 
bonaceous matters; whereby an argentiferous lead separates 
as one of the products of this stage of the smelting; while 
the further proportion bf lead existing in the calcined or 
roasted ore, probably as plumbic sulphate, would be reduced 
at the temperature of, and in the reducing atmosphere of the 
blajst furnace, to the condition of phimhic siUphide, which, in 
combination with variable proportions of iron, copper, zinc, 
and other metallic sulphides, yields the second product or 
*'regulus" above noted; while the sUicious matters of the 
charge in contact with the unreduced oxides of iron, copper, 
zinc, etc., combining with these latter, produce thereby a 
more or less fusible silicate or slag mechanically enveloping 
more or less of the reduced metal and regulus with which it 
comes into contact. 

The lead obtained from this operation, and known as 
** hlast-fumace lead" besides being highly argentiferous is 
notably hard and impure, containing copper, antimony, iron, 
etc., and requires purification or softening before it is avail- 
able for commercial applications. The " regvlua " from this 
same operation contains, as its most notable ingredients, 
about 20 per cent, of lead, with 10 per cent, of copper, 30 
per cent, of iron, and '2 per cent, of silver; while the sla^s, 
which form a large proportion of the furnace yield, retain 
from 6 to 6 per cent, of lead, with from 5 to 6 oz. of silver 
per ton, and are formulated by Percy as having a composition 
represented by 

[AlaCSiO, +4(3BO,Si08)]; 

which becomes, according to the notation adopted in this 
volume, 

2Al803,3SiOa + 12(2RO,SiOj), 

where BO represents any metallic protoxide. 

The smelting of the regulus obtained In the last opera- 
tion, and which constitutes the second stage of the process as 
tabulated above, is conducted, in conjunction with roasted 
copper oreSf litharge slags, fltbor-spar, and slags from the same 
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Operation previously conducted, in a blast furnace similar to 
that last described, when there results as before an impure 
leadf much impregnated with copper ; a copper reguliva sub* 
sequentlj treated for the extraction of its copper; together 
with a slag consisting essentially of ferrous silicate. The 
regulus obtained in this stage is again broken up, roasted, 
and resmelted, operations intended chiefly for the concentra- 
tion of the copper in a third regulus, and of the nickel and 
cobalt in the speise, each of which products is subsequently 
treated for the extraction of their respective metals. 

The last stage of the Freiberg operations, viz., smelting 
of the slags, obtained in the first operation, is conducted in 
a reverberatory furnace of the ordinary type, differing only 
in minor details of form and construction from those already 
described. The slag to be smelted is treated in conjunction 
with about one-half of its weight of the poorer but argenti- 
ferous and frequently highly silicious and zinciferous ores of 
the district, which could not otherwise be profitably smelted; 
the lead contained in the slags, amoimting to about 6 per cent. 
of their mass, acting as a medium for collecting the silver 
contained in these poor ores. The ores for mixture with the 
charge are used, one-half in the raw state, while the other half 
is previously roasted for the expulsion of sulphur and of zinc, 
the former element, if too largely present, unduly increasing 
the amount of regulus produced, while the latter (zinc) in 
excessive proportions renders the slags too refractory. The 
smelting charge is spread over the furnace bed or hearth and 
all apertures are then closed, by which the temperature is 
raised, and in about 2^ hours the charge is melted, upon which 
the mass is well rabbled, the doors again closed, and the 
temperature further increased for some 15 or 20 minutes 
longer, after which the slag is drawn or skimmed off as com- 
pletely as possible, and another charge of ore and slag intro- 
duced on to the bath of regulus upon the hearth, which is 
treated as the first charge, the regiilus only being tapped out 
after every thud or fourth charge has been thus worked 
off 

The products of the slag- smelting are an argentiferous 
regulus of lead, copper, zinc, and iron, accompanied by a ahg 
co n s i stin g essentially of a ferrous silicate^ and which is sufli- 
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ciently poor in lead and silver to warrant its being thrown 
a^vay or utilised for building purposes. 

54. Swedish Method of Smelting Galena. — The argen- 
tiferous galena occurring in Sweden, requires a carefully 
conducted mechanical treatment, consisting of breaking up, 
picking, and washing, before it is ready for treatment in the 
blast furnace; and the products separated at each stage of 
the preliminary operations receive special and specific names. 

The treatment of the ore in the blast furnace, or smelting 
proper, involves two operations known respectively as " raw 
smelting" and "lead smelting." In the first-mentioned or 
raw smelting, certain poor ores and slimes from the washing 
apparatus are smelted in conjunction with raw iron pyrites, 
quartz, slag from the next smelting, and certain furnace 
residua, in a blast furnace with one twyer, and employing 
charcoal as the fuel; whereby an argentiferous regulus is ob- 
tained, accompanied by a useless slag, consisting essentially 
of a ferrous silicate. 

In the second operation or lead smelting, the richer ores and 
slimes, along with the roasted regulus produced in the first 
smelting, together with abstrich, cupel bottoms, etc., are 
treated in a blast furnace along with a proportion of slag 
from the same operation previously conducted, and a small 
proportion of roasted iron pyrites; when three products sepa- 
rate, viz., a highly argentiferous lead reduced from the galena 
by the action of the iron, separated from the oxide qf iron 
(roasted iron pyrites) by the carbon of the fuel, and which lead 
is sufficiently argentiferous to permit of its direct cupellation 
according to the German method described in page 278, with- 
out any previous concentration of the silver by the Pattinson 
or other process; but the litharge or abstrich first produced 
in its cupellation is frequently black in colour from the pre- 
sence of antimony and zinc. Above this lead occurs a regulus 
of ferrous sulphide, resulting from the decomposition of 
galena (PbS) by iron compounds, as well as from the presence 
of iron. pyrites in the ore; but the regulus also contains in 
addition zincic sulphide, a small proportion of plumbic sul- 
phide, and a little silver. The third product or slag is essen- 
tially a silicate of iron, lime, magnesia, and alumina, which 
has no practical application^ except for addition in small 
19— IX. I 
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quantities to the blast furnace charge as a flux, whereby the 
TOdnced lead is better separated from the extraneous matters 
of the ore with which it is surrounded. 
55. Lead Smelting at Pontgiband, etc., in Trance — 

The special feature of the rich argentiferous galena occurring 
in this locality is its highly silicious nature, which has given 
rise to the special method of treatment here adopted, and 
according to which the ore, after careful dressing and wash- 
ings, is ^rst roasted as completely as possible, for which pur- 
pose it was the former practice to employ large double-bedded 
reverberatory furnaces; the ore being introduced on to the 
upper bed at the end furthest from the source of heat, from 
whence it was gradually raked backwards so as to allow it 
to fall at proper intervals on to the flue end of the lower 
bed, along which it was raked in the same manner towards the 
fire-bridges; but the more recent practice is to employ rever- 
beratory furnaces or calciners, measuring* some 40 feet in 
length, 15 feet in width, and provided with six working 
doors on each side. The ore is charged from hoppers above 
the furnace on to the portion of the bed furthest from the 
fire-grate, where, after the necessary exposure, it is raked 
forward on to the middle portion of the bed, and, finally, it 
is advanced on to the portion of the bed nearest to the fire- 
bridge, and which part is also about 6 inches lower than the 
other portions. The ore is thus exposed to a gradually increas- 
ing temperature, from the point of its introduction until it 
reaches the fire-bridge, where the heat attained is sufiicient 
to agglomerate or melt the ore, which is then tapped out at 
intervals of six hours, so that in the last-mentioned calciner 
three charges will always be upon the bed at the same time; 
for as the fused ore is lapped out from the end nearest to the 
fireplace, a fresh charge is introduced on to the coolest 
portion of the bed. 

The efiect of this roasting has been to oxidize the lead 
present in the ore, with the formation of plumbic oxide and 
a small proportion of plumbic sulphate; while the fusion or 
agglomeration, as the last stage of the roasting, largely efiects 
the combination of the plumbic oxide with the silicious 
matters^ whereby the lead occurs in the agglomerated ore, 

* Phillip's Elements of Metallurgy, • 
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to be treated in the blast furnace largely as plumbic 
silicate. 

The roasted and agglomerated ore is next mixed with about 
10 per cent, of scrap-iron, 15 per cent, of limestone, together 
with a small proportion of fluor-spar, lead slags, and lead 
residua, and treated in a Castilian blast furnace employing 
coke as fuel, whereby the plwmhic silicate is reduced under 
the irifluence of metallic iron and carbonaceoiis matters, with 
the production thereby of metallic lead and a slag of ferrous 
silicate; thus^ 

2PbO,SiO, + Fe=2FeO,SiOa + Pb,,; 

while any plumbic sulphate is at the same time reduced by 
metallic iron with the precipitation of its lead. The blast 
furnace thus yields an impure metallic lead containing almost 
the whole of the silver originally present in the ore, and a 
slag containing essentially the silicates of iron, calcium, alumi- 
num^ magnesium, etc., with the other foreign matters of the 
ore, and not more than 3 per cent, of lead, otherwise it is re- 
smelted; while, when the ore has been imperfectly roasted, 
a small proportion of regulus will also occasionally separate. 

The fume collected from the flues is subsequently mixed 
with silicious ores, roasted in the ordinary calciner, and then 
smelted with iron, limestone, and fluor-spar in the blast furnace. 

56. Smelting of the Ores of Commern. — This is a pro- 
cess pursued at Bleiberg, etc., in Rhenish Prussia, and which 
is analogous in many respects to the process last described, 
the ore under treatment being a galena distributed through 
sandstone or silicious matters, and which is accordingly 
dressed as completely as possible for the separation of sand 
and silicious matters, after which the dressed ore is calcined 
as sweet as possible by exposing it upon the bed of a rever- 
beratory furnace, after the manner described in the previous 
article. The ore is introduced into the calciner at the 
cooler or flue end, and gradually raked forward towards the 
hotter or fire-bridge end of the furnace bed, where the heat 
is sufficient to frit or melt the product, with the production 
as at Pontgibaud of a plumbic silicate, which is then tapped 
«ufc and becomes the subject of operation in a small blast 
furnace supplied with four twyers, and burning coke as fuel. 
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The roasted ore is cliarged along with about one-lialf of its 
-weight of puddling furnace slags (2FeO,Si02), a like amount 
of limestone, and from 8 to 10 per cent, of its weight of 
cast-irouy whereby the melted ore, consisting largely of plum- 
bic silicate, is decomposed, with the production, according to 
the reactions already indicated, of an argentiferous lead, a lead 
reguhis, and slag, 

TBEATHENT OF OXIDIZED ORES AKD PRODUCTS OF LEAD. 

The reduction of lead from oxidized ores, as oxides, car- 
bonates, sulphates, phosphates ('' linnets "), arseniates, eta, 
of lead ; or from lead products and residua, as litharge and 
dross from the English cupellation, the abzug and abstrich 
produced during the process of cupellation in the German 
furnace, test-bottoms, and the grey slags produced in the 
Flintshire or other furnace, which, as already indicated, are 
frequently rich in oxidized products of lead, are smelted 
either in small blast furnaces or hearths, or in reverberatory 
furnaces, in either of which ca/rhonacecms matters, or these in 
conjunction with iron or iron-yielding materials, are employed 
as the reducing agents. 

57. Smelting of Plumbic Carbonate, etc. — Plumbic 

carbonate and phosphate, intermixed in variable proportions, 
constitute the greenish lumps of ore known in Derbyshire a^ 
" linnets." When these compounds occur without any ad- 
mixture of galena (PbS), they are smelted in conjunction with 
various slags, impure litharge, cupel bottoms, etc., either in 
reverberatory furnaces or in small cupola blast furnaces, as the 
Spanish hearth described on page 139. If the reverberatory 
furnace be employed, the ore is reduced to a coarse powder 
and mixed with powdered charcoal, anthracite, or coke, along 
with fluxes, such as lead slags; occasionally also forge-cinder, 
together with fluor-spar — ^if baric sulphate (heavy-spar) be 
present in the ore — are added to complete the fusion of the 
gangue. This mixture is spread over the hearth of the 
-furnace, upon which the doors are closed and the temperature 
gradually raised, while the mass is frequently stirred or 
rabbled; whereupon the lead is reduced by the action of 
carbon and carbonic oxide (CO), and is tapped from the fiu> 
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fiiice from time to time, while the residue left on the hearth 
is frequently still sufficiently plumbiferous to require further 
treatment in the cupola furnace for the extraction of the 
lead therefrom. ' 

The smelting of these oxidized ores is carried on in Derby- 
shire, eta, in the cupola furnace known as the Spanish 
Slag Hearth; for which treatment the ore is reduced to 
fragments, but not to a fine powder, and in this state it is 
introduced into the furnace along with coke and various lead 
slags, the coke being thrown towards the front of the furnace, 
while the ores, etc., are thrown to the back. The ore is thus 
subjected to the action of carbon, and carbonic oxide produced 
by the action of the blast upon the former, which agents effect 
the complete reduction of these ores at a moderate tempera- 
ture, witib the production of a lead free from phosphorus, and 
of a slag, portions of which may be picked out as stfll retaining 
sufficient lead to pay for its profitable extraction, and which 
are accordingly returned for treatment in the hearth. The 
lead is either first treated by the Pattinson process for 
the concentration of its silver before cupellation, or it is 
directly cupelled for the extraction of its silver. In addition 
to the lead and slag above noted, a rather large proportion of 
the metal is volatilised 2J&fume^ which is however collected 
in the condensers with which the closed top of the furnace 
is connected, and is returned to the furnace for reduction 
with a subsequent charge. 

58. Bednction of Litharge. — The reduction of lead from 
the oxidized products produced during the cupellation of 
lead, as litharge^ abstrich, abzugs, and also from the dross 
obtained from the Pattinson pots, skimmings from the soft- 
ening of hard lead, etc., is effected either in reverberatory or 
in blast furnaces, but in either case using carbonaceous matters, 
as charcoal or coal, as the reducing agent. 

In England and France, at Nassau, Tamowitz, and other 
places on the Continent, a reverberatory furnace is employed, 
in which the bed slopes from all parts towards a tap-hole 
situated either at one side of the furnace or at one end; and from 
'which, in either case, the metal collected at the lowest part of 
the hearth overflows a kind of dam formed in the tap-hole, 
aiid passes into a cast-iron pot placed outside the furnace, 
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from wHicIi it is ladled at intervals into ingot moulds; wldle, 
at the close of the shift or day's work, this dam is broken 
down, and the separated lead collected on the hearth is 
tapped out into the lead pot before mentioned. 

For treatment in the reverberatory furnace it is not desir- 
able to reduce the litharge to a state of fine powder — ^the 
decomposition succeeding best when the particles of litharge 
and fuel are in the form of small pieces which lie loosely upon 
the hearth ; and it is farther necessary that the contact of the 
litharge with the furnace bottom be prevented as effectually 
as possible, for which purpose there is first introduced on 
to the red-hot bed of the fiimace, a depth of from 2 to 3 
inches of small coal, which undergoes a process of cokiog 
during the time that the charge of Htharge, mixed with suffi- 
cient coal-slack to effect its reduction, is being introduced 
into the furnace and spread evenly over the bed of coal first 
introduced. From 5 to 6 cwt. of ihe smelting mixture is then 
'introduced into the furnace at once, and the temperature is 
maintained just sufficient to melt the charge, when the litharge 
suffers reduction, and in from 1 J to 2 hours lead begins to 
flow over the dam into the lead-pot. The reaction continues 
to the end of the shift, &esh additions of litharge and coal 
being made at intervals to continue the supply of lead; while 
the residue remaining on the hearth after the lead ceases to 
flow, and which contains the ash of the fuel, along with uncon- 
sumed fuel and some unreduced litharge, is then well rabbled 
at intervals; and the temperature is raised so as to induce a 
state of semi-fusion in the mass, with the separation of a 
further small proportion of metallic lead, after which the 
residue, constituting " litharge slag," is drawn out from the 
furnace. This product (litharge slag) still retains some unde- 
composed litharge, and probably also shots of metal; and 
for the more complete extraction of the metal therefrom, it 
is subsequently treated in a cupola furnace or in the slag 
hearth. 

The Bleiberg furnace^ figured on pages 105 and 106, as 
also slight modifications of it, are also applied on the Con- 
tinent to the reduction of litharge, and of the dross derived 
from the Pattinson pots. 

Instead of the reverberatory furnace above described, it is 
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ite practice at Freiberg in Saxony, in Silesia, the Hartz, etc, 

to effect the reduction of 

litharge in low cupola or 

blast fumticea (figs. 33 and 

24), which were formerly 

but some 8 feet in height, 

but are now built aome- 

what higher, ranging from 

1 5 to 20 feet ii-om the twyer 

to the moutL The heiuth 

is made of a hrasque of clay 

and charcoal or coke well 

rammed in, and the reduced 

metal which collects in the 

hearth passea beneath the 

fore- wall to the fore-hearth, 

flowing from thence along 

a gutter or channel into the 

receiving pot, into which the 

lead and slags are tapped at Fig. 23. — Vrrtical Seotion of 

intervals as required; while Blast FuBBAca jon EEDUcma 

the charge is introduced Lithaeob. 

through the opening above the fore-wall. Either charcoal 

or coke is employed as the fuel in r^ 

these furnaces, and the blast is | 

supplied through one twyer with ^ 

a G shaped nozzle, worked with a | 

small slag prolongation or nose, \ 

The materials of the charge consist ^ 

of litharge broken into lumps, 

together with about 15 per cent. 

of fuel ; and if the litharge be im- ^ 

pure or mixed with marl, etc., from j 

the substance of the cupel, a small ^ 

proportion of litharge slags is also ^ 

introduced into the furnace, the | 

litharge being thrown against the „ ^ 

fuel towards the back, whereby tlie ^^ ^gg Blast Furnace for 
lead, which is reduced from its Eesbcimo Lithabob. 
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oxide by charcoal at a moderate heat, trickles down towards 
the hearth, where it collects. The above distribution of the 
charge facilitates its descent to the hearth, with a minimum 
duration of contact between the blast and the reduced lead, 
since prolonged contact of the two would be attended with 
the reoxidation of the metal. The slags, which should be 
tough, are usually rich in lead, containing from 20 per cent, 
to 30 per cent, of the latter, and are accordingly treated ia 
another blast furnace or slag hearth for the extraction of a 
further proportion of their lead. The amount of litharge that 
can be passed through one of these furnaces depends much 
upon its purity — the greater the proportion of foreign matters 
that it contains, the smaller is the quantity smelted during 
the day of 24 hours; but from the purer varieties, such as 
that obtained from the direct cupellation of ore-furnace lead, 
about 90 parts of lead are extracted from 100 of litharge 
treated. 
69. Smelting of Slags in the English Slag Hearth.^ 

The slags and waste products produced in the Flintshire 
furnace, the ore hearth, etc., contain, as already indicated, 
notable proportions of oxidized compoimds of lead; and it is the 
object of the smelting in the slag hearth to extract the metal 
from these compounds, by treating them with ca/rhonaceotis 
matters at a hig/ier temperature than is attained when smelt- 
ing the ore in the Flintshire and other furnaces — the latter 
condition being necessary for the recovery of the metal. 

The slag hearth is a small rectangular blast furnace, of the 
type known to the Germans as the ICrummo/en, to the French 
as the FoumeavrdrTnanchey and to the Spaniards as Pava. The 
hearth measures only about 2 feet 3 inches from back to 
front, and 1 foot 9 inches from side to side, while from the 
bottom of the hearth to the charging hole is but 3 feet 6 
inches, and from the hearth to the arch, which covers or 
closes the top of the shaft of the furnace, measures from 10 to 
12 feet, but these dimensions vary somewhat in dijfferent 
furnaces. The furnace above the hearth is lined with fire- 
brick, except ill front, which is closed above the opening {a) 
(figs. 25 and 26), by the cast-iron plate (6), known as theybre- 
stone, and the back of the hearth of the furnace beneath the 
twyer is formed by a cast-iron plate, the sides of the hearth 
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being likewise formed by two similar plates, which also carry 
the side vaOa above them; while the bottom of the furnace 
hearth, which slopes forwards and downwards, is formed of a 
cast-iron bed plate (c). In front of the hearth is a cast-iroa tank 
OF trongh (e), known as the lead trough, into which the metal 
is run irom the hearth ; while in front of this again is another 
trongh or slag pot {/) for the collection of the slag as it flows 
over from the anrface of the metal in the lead trough. 



Fig. 25. — Yektical SscnoN or the Ehqush Slao Hbakth. 



rig- 26. — HoBizoNTAL Sectiok at thb Eholish Slao Hbabth. 
In working this hearth it is first slagged out or freed from 
»Jiy adhering slag left from the previous shift, and any badly 
wirroded spots in the lining, etc., are repaired with clay; after _ 
*hioh the bottom or bed plate of the hearth is covered with a 
layerof ashes or small cinders to a depth of from S to 6 inches, 
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and made to slope like the bed plate from back to front, but 
leaving a space between its upper surface and the lower edge of 
the fore^ne, which space is stopped with clay, with the excep- 
tion of an opening or tap-hole through which a quantity of the 
slag flows during the smelting campaign. A quantity of fuel, 
usually peatf is placed upon the hearth thus prepared, and 
ignited by the addition of a little burning coal, when the blast 
is turned on and a quantity of coke is then thrown into the 
hearth. This is succeeded by the addition of a little slag or 
browse* from a previous shift, until the necessary temperature 
and working condition have been attained, when the ffrey dag 
or other residuary product under treatment is thrown into the 
furnace along with alternate layers of coke, — ^the distribution 
and relative amoimts of these materials being regulated by 
the requirements of the furnace, as indicated by its working. 
As the smelting proceeds, the reduced lead and the accom- 
panying slag descend to the bottom, where the ashes, placed 
upon the bed plate of the furnace, serve as a kind of filter, 
through which the lead percolates and passes out from the 
front edge of the hearth into the tank (e) placed in front for 
its reception, and in the bottom of wnich is usually intro- 
dued a layer of cinders for further separating the metal from 
any slag passing out along with it. The lead flows from 
the lead trough (e) into a lead pot, heated by its own fire, and 
from which the metal is ladled into ingots, while the slag 
passing from the hearth along with the lead, accumulates in 
the lead trough, which it overflows and passes to the slag pot 
(/) already spoken of, and in which it collects; but the 
greater portion of the slag produced during the process of 
smelting, passes out from the furnace through an opening 
made by a bar in the clay stopping between the upper sur- 
face of the layer of ashes on the hearth and the bottom edge 
of the fore-stone, and so passes to the second tank or slag pit, 
which contains water for the solidification and granulation of 
the slag, thereby facilitating the separation of any shots of metal 
carried over by it. 

At the end of the shift, when materials have ceased to be 
added to the furnace, and lead likewise ceased to flow from 
the hearth, the clay stopping is broken down, and the slaggy 
* Lumps of imperfectly reduced ore and slag. 
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matter remaining on the hearth is raked forward and collected 
for addition as alag-hea/rth browse at the commencement of the 
next shift. The shift often lasts about eight hours, of which 
about six hours is employed in the smelting, and two hours 
in cleansing out and preparing the hearth for the next shift. 

The lead produced in this hearth, and which is known as 
'* Slag lead," is always ha/rd and impure^ from the presence 
of sulphur, antimony, copper, and iron; since antimony and 
the other metals occurring so frequently in most lead ores, and 
which escape, or are only very partially reduced at the lower 
temperature employed in the previous smeltings, are now 
reduced by the carbonaceous matters at the higher temperature 
prevailing in the slag hearth, and thus become concentrated 
in the metal reduced from the grey slags, etc., produced in the 
ITlintshire and other furnaces — ^whereby the slag lead requires 
accordingly to be softened by one of the methods employed 
for this purpose, as by calcination according to the method 
to be subsequently described in page 156, before it is ready 
for the market. 

The slag known as " Black slag" is vitreous, and generally 
sufficiently poor to be thrown away, unless it should mechani- 
cally hold metal in the form of shots, etc., when it requires 
to be returned to the furnace for its separation. 

60. Smelting in the Spanish Slag Hearth. — ^The furnace 
known as the Spanish slag hearth or Castilian furnace, is a 
small blast furnace, of from 3 feet to 4 feet 6 inches in 
internal diameter, and about 8 feet 6 inches in height. It is 
circular in section, except at the hearth, where it is prolonged 
forward by a cast-iron breast pan, provided with a cinder-bed 
through which the reduced metal filters, and escapes from time 
to time by a tap-hole into a kettle in which the lead is kept 
melted for casting into ingots. The shaft of the furnace is 
surmounted by a rectangular head of masonry supported 
upon four cast-iron columns, and which contains the door at 
which the materials of the charge are introduced, as also the 
aperture by which the gaseous products escape to the flues 
and fume-condensing apparatus. The furnace is provided with 
three horizontal twyers, situated one at the back and one at 
each side of the hearth; and coke forms the fuel employed. 
This furnace has a \qvj limited application, being only avail- 
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able in England for tlie smelting of the poor and readily 
fusible slags produced in Derbyshire, which thus yield a 
" rough lead," which requires remelting before sending into 
the market. Carbon and carbonic oxide constitute the chief 
reducing agents here employed, while forge cinder or other 
oxidized prodiict of iron is also occasionally added as a flux; 
and if the slag contain baric sulphate, Hhsn. Jltwr-spar is also 
added for the same piurpose. The reduction in this furnace 
is exceedingly imperfect, the slag produced being black and 
vitreous, while frequently containing considerable proportions 
of lead. 

CONDENSATION OF LEAD FUME. 

The gaseous current escaping from lead-smelting furnaces 
carries along with it a very large proportion of solid matters 
rich in lead, and unless some method of arresting these sub- 
stances be applied between the hearth of the furnace and the 
stack, the loss of lead from this cause becomes very consider- 
able, besides vitiating the atmosphere in the neighbourhood 
of the works to a serious and unnecessary degrea ^ 

The matters escaping from the furnace are distinguishable 
as " smoke " and **fu7ney' — the former comprising the gaseous 
products of the combustion of the fuel, and oxidation of the 
sulphur, eta, in the ore, and will thus contain large proportions 
of sulphurous anhydride; while the lead/ume, or solid particles 
volatnised by the heat, or carried out by the blast or draught 
through the furnace, contains (besides carbonaceous matters, 
silica, ferric and zincic oxide, lime, alumina, particles of ashes, 
etc.) considerable proportions of plumbic sulphide, oxide, sul- 
phate, and carbonate, together with more or less silver, and 
which, therefore, if allowed to escape into the atmosphere, in- 
volves a very serious loss of metal, amounting in exceptional 
cases to as much as 10 per cent, of the total yield of the ore. 

At Pontgibaud, about 3*67 per cent* of the lead contained 
in the ore is subsequently extracted from they^me collected 
from the condensing apparatus connected with the blast 
furnaces there employed; but the lead reduced from "/w»ie," 
like that from the "tslags," is, however, usually less argentifer- 
ous than that extracted directly from the corresponding ores. 

* Phillips. Elements of Metallurgi/, 
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Numerous methods have been proposed for retaining and 
collecting this lead fume, amongst which the most simple and 
effective plan is to pass the smoke and fume through a long, 
slightly inclined, strmght or tortttous Jlue, placed between the 
furnace and the stack, which latter must be of sufficient 
height to produce the draught required for the furnace with 
which it is connected. The flues constructed for this pur- 
pose are of brickwork, arched over at the top, and are of 
large dimensions, measuring as constructed in the north qf 
England, as much as 8 feet in height and 9 feet in width, 
while a single flue extends for a length of 4451 yards, or 
more tiban ^^ miles, and examples are recorded of the con- 
densing flue of a single mill measuring upwards of 5 milea 
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in length, while the combined flues of a single work exceed 8 
miles in length. Owing to the large sectional area of these flues, 
the velocity of the gases from the fdmace becomes considerably 
reduced, an effect which is further promoted by the cooling 
of the gases in their passage through these flues to the stackj 
and this reduction in velocity favoui'S materially the deposi- 
tion of the very finely-divid^ solid matters held in suspen- 
sion by the gaseous cun'ent from the furnaces; also the large 
surface, exposed by the walls of the flues, likewise acts hj 
fiiction in arresting the solid particles constituting lead 
fume. The flues are cleaned out at intervals^ access being 
obtained to them by taking down a portion of the brickwork, 
when men are able to enter and extract the collected fame, 
which is treated as already described, for the extraction of 
lead, which thus forms in the larger works a considerable item 
of economy, and in many instances more than repaying the 
cost of the condensing arrangement, while at the same time 
freeing the surrounding atmosphere from the poisonous 
vapours of lead compounds. To obviate the expense of 
constructing and maintaining these long flues, which further 
can only be constructed in certain localities where the re- 
quired length can be obtained, as for instance on the side of 
a hill, when the flue assumes a tortuous course along the 
slope; various other plans have been proposed, such as to 
pass the fumes through large condensing chambers, through 
which the direct passage of the vapours from the one side 
to the other is prevented by the introduction of a series of 
diaphragms connected alternately with the top and bottom 
of the chambers, and around which the fumes and smoke 
are required to pass before qidtting the chamber at the 
opposite end to that at which they entered; others again 
propose to expose the f\mie to the action of an artificial 
rain or steam, or to draw the fumes, etc., thi^ough water 
by the application of various methods of eochaustionf and 
to these latter classes belong the condensers of Stagg, Stokoe, 
etc. 

61. Stagg^s Condenser. — ^In this condenser the fume is 
condensed in water placed on the bottom of a large rect- 
angular chamber or cistern, divided into a series of compart- 
ments by a number of vertical partitiojis connected alternately 
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with the top and bottom of the chamber, 'whereby the fumes 
and smoke from the furnaces, entering by a flue at one end 
of this chamber, are made to pursue a circuitoua course 
throngh the eeries of compartmeute into vbich it is divided; 
and at each passage, from the bottom of one compartment to 
the next, the fume passes through a definite column of vater, 
regulated by the depth to which the dividing partition dips 
below the aurface ; vbile the required exhaustion, for drawing 
the fume through the water, etc., is provided by connecting 
the exit flue with one or more air pumps or exhausting 
machines. The water in this manner becomes cbat^d with 
the fume, and is drawn off at intervals into tanks, where 
the fume is allowed to subside. 

63. Stokoe's Condenser. — This arrangement is in use at 
I^Jigley Mill, at tbe Keld Head Smelting Works, etc., and 
consists of two rectangular chambers a, each of which is 
divided into compartments by vertical partitions, which 
alternately reach to the top and dip beneath the surface of 
water on the bottom of the condenser, the chamber being 
furUier divided horizontally by two floors 66, formed of 
planks about 3 inches square, on which is placed a thin layer 
ts, thorns, pebble stones, or other filtering matenal. 



The condenser is thus divided into eighteen small chambers 
or compartments, into each of the upper twelve of which 
access is obtained by small doors cc. On the top of the 
condenser is a water cistern n, which supplies water to a 
series of perforated zinc pipes in the upper tier of chambers, 
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and by these means a fine rain is continnally falling on to 
the filtering beds. The fan (e) withdraws the fume from 
the furnace along the flue d, and then drives it through 
the whole series of chambers in both condensers, during its 
passage through which it is exposed to the condensing 
action of the fine rain or dropping water previously men- 
tioned, and to the filtering action of the layer of faggots 
upon the floors, which latter are further cleared from the 
condensed fume accumulating on them by the water falling 
as rain upon them, whereby the filtering power of the beds 
is preserved from the choking and stoppage which would 
otherwise occur, while the fume is collected thereby in the 
water m, in the bottom of the condenser, which is drawn off 
at intervals, as in the last arrangement, and the solid matters 
allowed to settla 

SEPARATION OF SILVER FROM LEAD. 

As already noted, all galenas are more or less argentiferous, 
and during the smelting of these and other ores of lead any 
silver which accompanies them is reduced simiiltaneously 
with the lead, producing thereby an argentiferous lead, which 
product then becomes the object of a special treatment for 
4)he separation of the silver. For this purpose three methods 
are or have been generally used, these are the methods of 
" eupeUati(m" the method introduced by Mr. H. L. Pattinson 
and known as the "Pattinson process" and the plan proposed 
by Mr. Parkes' for the desUverizatiorh of lead by means of 
zinc. 

63. Pattinson Process. — The meihod of cupeUationy 
details of which are*supplied on p. 273 was substantially the 
only operation ^employed for the separation of silver from 
lead, prior to the introduction of the Pattinson process in 
1829; and while it was not considered practicable or profit- 
able to extract, by cupellation, the silver from argentiferous 
lead when the former was present to a less extent than about 
8 oz. per ton of metal, yet, by the introduction of the Pattin- 
son process, the silver can be profitably extracted from lead 
when present only to the extent of from 2 to 3 oz. per 
ton of metal, while the lead, after Pattinsonization or de- 
sUvrnzation by this n:^ethod2 retms only f|-om ^ to | o& of 
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silver per ton, and the desilverised lead is further much im- 
proved in quality by the treatment. 

The Pattinson process has for its object the concentration 
of the silver in a smaller proportion of lead, or the separation 
of a more highly from a less highly argentiferous lead; and it 
is founded upon the fact, discovered by Mr. H. L. Pattinson 
of Newcastle, that if an argentiferous lead be melted, and 
subsequently cooled slowly and uniformly, the mass being at 
the same time carefully stirred, there separates a mass of 
small crystals, which may be removed, leaving the more 
fusible metal in the vessel. An examination of the two 
portions reveals that while the crystals a/re much poorer in 
silver than the original lead, the fluid portion has been 
correspondingly enriched in silver, and thus, by a repetition 
of this process again and again upon the two products, the 
original lead can be divided into two portions, the one very 
considerably impoverished, or retaining but from ^ oz. to f oz. 
of silver per ton, constituting the conmiercial lead, while the 
other and smaUer portion will be considerably enriched, the 
degree of concenti^on depending upon the richness of the 
original lead treated. For the final separation of the silver 
from the enriched lead, it is subjected to cupellation, and 
since this operation involves a loss of about 5 per cent, of 
the lead treated, the Pattinson process obviously effects a 
considerable economy of lead in the cupellation stage, since 
only about -^ part of the original lead is treated in the cupel 
for the separation of the full amount of silver. 

The products of the Pattinson process then, are — 1°, A 
commercial lead much improved in malleability, ductility, 
and softness by the treatment, owing to considerable pro- 
portions of the impurities, as copper, nickel, antimony, 
arsenic, etc., of the original lead either passing into the con- 
centrated rich lead during the crystallization of the metal, or 
are oxidized and removed in the dross or skimmings; 2*^, 
a very rich lead for cupellation; and 3*^, a proportion of 
dross or skimmingSy resulting from the oxidation of the 
metal by the atmosphere during its exposure for the conduct 
of the process. 

Per the conduct of the Pattinson process a series of from 
seven to eleven hemispherical cast-iron pots or kettles, a, fig. 

19—11. K 
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13, of about 5 feet in diameter, and each capable of Wding 
about 9 tons of metal, are arranged in a single row along 
one Bide of a building; each pot beii^ heated by its own ii6 
(b), and supplied with independent flues (c) ranning qnite 
around the bottom of the pot, except at the front, where it 
communicates with the fire b; each fire ia also provided 
with its own damper, so that any pot can be cooled down 
without interfering with the remainder, while the fluea, from 
a row of furnaces, all communicate with a common stack 
d ia the level of the floor upon which the workman sttmds, 
and e is the level of the floor on the opposite side of the pots, 
beneath which is a passage for obtainuig access to the £res, 
ash-pits, etc. 



Kg, 29.— Teaks viEBK Vehtical SaonoN of thk PiTmraoir Tat, 
The number and capacity of the pots arranged in one row 
varies in different localities, according to the nature and 
degree of richness of the lead to be treated, thus with poor 
leads, i.e., such as contain only small proportions of Bilker, 
it is the practice to remove from any pot a larger proportion 
of the lead as crystals, than is practised when richer varieties 
of lead are the subject of operation; and hence a smaller 
number of pots are required for the treatment of such leads 
if treated alone, although the desilverization is not so perfect 
as when smaller proportions are removed at each stage, and 
a larger number of pots employed ; so that while pots of 
10, 12, or 15 tons capacity are employed in the Harti, 
Silesia, etc, yet in other localities, pots as small as 3 tons 
capacity have been employed. In addition to the lead pots 
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above mentioned, there is built between each pot, as shown 
on fig. 30, a smaller pot known as the wash-pot, in which a 
quantity of lead (having the same content of silver as its 
adjoining pot), is kept melted for the purpose of heating the 
crystallising ladles, and cleaning the holes, when they become 
stopped from the solidification of the lead in them, during 
the draining of the crystals. The crystallising ladle above 




Fig. 30.— Plan op the Areanoembnt of the Pattinson Pots. 

mentioned, employed in removing the crystals of lead from 
any pot, is of iron, except from a to b, which forms a handle 
of wood; the bowl of the ladle is about 18 inches in diameter 
and 5 inches deep, and perforated over its imder surface with 
a niunber of holes of some ^ inch in diameter; but when 
cranes are applied to the working of the pots, then the ladles 
are made of 20 inches in diameter, and 6^ inches deep. 




Fig. 31. — Cbystallisiko Ladle employed in the 

Pattinson Process. 

In commencing the Pattinson process, the charge of pig 
lead is introduced into the middle pot of the series to be 
employed, which, if the lead contain from 10 to 12 oz. of 
silver per ton of lead, requiring five or six crystallizations 
(Pattinson)* for its concentration, will be the fifth from the 
end, and the charge employed usually weighs from 7 to 9 tons. 
The lead is now melted as rapidly as possible, and heated to a 
temperature a little beyond the point required to effect its com- 
plete fusion; when the fire is withdrawn, and the oxides, eta, 
skimmed from the surface by a perforated ladle, allowing the 
fluid lead to run through while retaining the unfused oxides, 
which are placed upon one side for subsequent reduction. 
The surface of the metal in the pot being now quite clean, 
the damper is put down and the whole cooled, to facilitate 

♦ Percy. Metallurgy, Vol. IIL 
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wUch, if mucli too Hot, a small quantity of water is projected 
upon the surface, while, as the metal cools, the workman 
continually stirs the mass with an iron rod, transferring 
any crusts of metal that form on the surface, or become 
attached to the sides, towards the middle of the melted mass. 
As the temperature falls, the contents of the pot begin to 
thicken, from the separation throughout the mass of crystals of 
a less fiisible alloy of lead, upon which the crystal lising ladle 
already described, and which has been previously heated by 
immersion in the wash pot already mentioned, is introduced 
by the workman, who pushes it to the bottom of the pot, and 
then raises it up out of the bath by applying his weight at 
the extremity of the long handle; while a pig of lead placed 
on the edge of the pots acts as a fulcrum, upon which 
the ladle can be jerked so as to accelerate and more 
completely drain the fluid metal from the surface of the 
crystallised portion contained in the ladla When after thus 
thoroughly draining the crystals contained in the ladle, the 
workman transfers the contents of the ladle to the next pot 
on the right, or No. 4; and in this manner, the bath being 
continually stirred to facilitate the cooling and preyent the 
aggregation of the crystals into one mass, the lead is crystal- 
lised and ladled out until about two-thirds of the contents 
of No. 5 have been transferred to No. 4, when the remain- 
ing one-third is transferred to the next pot on the left, or 
No. 6. After the removal or transference of a ladlefdl of 
crystals from one pot to the next, the ladle is warmed, 
and the holes cleaned out from any solidified lead by immer^ 
sion in the corresponding wash pot, before it is reinserted 
into the metal undergoing enrichment or crystallization. The 
working or crystallising of the contents of each pot occupies 
about two hours. 

The crystallised metal transferred to No. 4 is found 
to contain, approximately, 6 oz. of silver per ton when 
treating lead of 10 oz. per ton in No. 5 ; while the one- 
third transferred to No. 6 will contain about 20 oz. of 
silver per ton. The pot No. 4, supposing it to be empty 
at the commencement, now contains two -thirds of ito 
charge, and this is made up to a full charge by the addition 
of lead, assaying the same amount of silver (i.e., 6 oz. per 



THE PATTINSON PROCESS. 149 

ton), if such be at command ; or No. 5 is again charged and 
the concentration repeated, at the end of which, No. 4 will 
contain approximately f + § = 4> ^^ one-third in excess of the 
full charge, and this or a smaller proportion is withdrawn 
before proceeding to the crystallization of No. 4, the portion 
BO remoTed serving to make up the charge of this pot at a 
subsequent crystallization according to the method first indi- 
cated. No. 4 is now treated exactly as No. 5, ^.e., the lead 
is melted, cooled, crystallised, and the crystals drained and 
ladled out, until two-thirds of its contents, yielding only about 
2i oz. of silver per ton, has been transfeiTed to No 3, and 
one-third containing 10 oz. of silver per ton returned to the 
left, or to No. 5 ; and in this manner, as each pot becomes filled 
either with metal transferred from the adjoining pot, or by 
the addition of lead of the same assay as that which it 
contains, it is then subjected to the same cycle of opera- 
tions; in every case the impoverished crystals being gradually 
transferred to the next pot on the right, while the enriched 
lead or mother liquor is transferred at each step to the next 
pot on the left; the portion transferred to the right being in 
each case impoverished to the extent of about 50 per cent, 
of its silver, while that transferred to the right is enriched 
to a corresponding amoimt, until the metal in No. 1, or the 
extreme pot at the right hand side, and known as the 
**mcMrketpot," contains lead, with only some 10 or 15 dwts. of 
silver per ton, and is sufficiently pure to be directly cast into 
ingots, and sent into the market as commercial lead; while 
the extreme pot at the other extremity of the series will 
usually contain a lead with from 150 to 250 oz. of silver per 
ton, constituting the metal to be subjected to cupellation. 

It is possible, however, to continue the concentration of 
the metal by this process, until the enriched lead contains 
between 600 and 700 oz. of silver per ton; beyond which 
limit, however, it does not appear practicable to effect the 
concentration. To attain the last degree of concentration, at 
some establishments the manipulation is slightly varied in 
the last stages, accordiug to which, it is the practice, instead of 
lading out the crystals from the last working pot, to continue 
the stirring as before until the metal thickens, then to draw 
the thickened or crystallised metal towards the sides of the 
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pot, thus forming a cavity in the centre, into which the more 
fluid and highly argentiferous lead drains; then by introducing 
the perforated ladle and pressing it down upon the thickened 
metal, the more fluid lead drains, and is squeezed into the 
ladle, from which it is ladled out by a second, but plain or 
nonperf orated ladle; and by these means a higher degree of 
concentration is attainable, than by strict adhesion through- 
out to the previous plan. 

The crystallization of the contents of a single pot at once 
is described above; but it is to be understood that two pots 
in the same row are frequently under operation at the same 
time, that is, while the once impoverished lead in No. 4 is 
under treatment, at the same time the once enriched lead in 
Ko. 6 may be under treatment, each transferring a portion of 
their contents to No. 5, while a further portion passes re- 
spectively to Nos. 3 and 7, and so on for the pots higher 
and lower in the series, the pots being treated in a regular 
sequence, the order of which is regulated so as to obviate as 
much as possible the necessity for adding fresh lead to make 
up the charge of intermediate pots prior to the crystallizar 
tion of their contents. 

The exact charges and mode of procedure observed in the 
conduct of the Pattinson process, vary at almost every estab- 
lishment; that is, the order in which the pots are crystalhsed, 
and the manner in which the charge is made up to the fuU 
weight required previous to conmiencing the crystallization, 
differ at various works; also the exact propoiidon removed 
in crystals at each stage usually varies between the above 
named limit of two-thirds of crystals to one-third of fluid 
lead, or method of thirds, and seven-eighths of crystals with 
one-eighth of fluid enriched lead, constituting the method 
by eighths. The latter method, as already indicated, being 
however most generally applicable to the treatment of a lead 
having a low content of sUver. 

At the silver-lead works of Tamowitz, where about 15 tons 
of metal is heated in each pot, the operation of skimmingy 
crystallising, and lading out the contents into the two adja- 
cent pots, occupies about 2 J hours (Teichmann); but tiie 
duration of the process is influenced by the purity of the lead, 
since the presence of impurities, such as copper, antimony. 
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arsenic, eta, cause the crystals to be generallj smaller, and 
the draining slower, attended accordingly with a lengthened 
duration of the process, and necessitating an increased num- 
ber of crystallizations to impoverish the lead to the required 
degree. 

The lo88 of lead also varies with the quality of the metal 
operated upon; but for lead containing about 8 oz. of silver 
per ton, this loss amounts to some 12 or 14 lbs. per ton 
(Percy), (exclusive of that converted into litharge), and 
which is subsequently recovered according to methods similar 
to those stated on page 133, for the reduction of litharge. 
Throughout the fattinson process the heated lead undergoes 
oxidation, and a considerable proportion of dross or skim- 
mings is produced, consisting largely of litharge (PbO), 
accompanied by smaller quantities of other oxides resulting 
from the partial oxidation of the foreign metals contaminat- 
ing the original lead. But the amount of skimmings so 
obtained varies with the number of crystallizations to which 
the metal is subjected, and will thus increase with the poor- 
ness of the metal; but for a lead assaying the above amount 
of 8 oz. of silver per ton, the yield of skim m ings will form 
about 20 per cent, of the charge. 

To aid in the manipulation of the heavy ladle employed 
for baling out the crystals, it is not unusual to erect a small 
jib-crane in front of the pots, of such dimensions that a small 
roller at the end of the jib stands a little above the level of 
the top of the pots, and serves as the fulcrum for raising 
the bowl of" the ladle with its contents of crystallised 
lead above the surface of the metal, while an arrangement 
at the other end of the jib, directly above the crane-post, 
permits of the ready insertion of the extreme end of the 
handle of the ladle into a kind of cap, so that the ladle is 
held horizontal, and the liquid lead drains from the crystals 
without any further labour of the workman; while the roller 
in front, on which the ladle handle rests, also serves as 
a convenient support upon which to rock or jerk the con- 
tents for the better and more complete draining of the 
ciystallised metal; and by rotating the crane the ladle is 
brought over the next pot, and its contents readily discharged 
into it. 
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At Bouett and elsewhere, machines have been introduoed for 
stirring and cxTstallising the pots; according to which the pots 
are arranged so that a vertical stirrer, driven by a belt, agitates 
the metal in the pot; the rotation of the stirrer being con- 
tinued until the desired proportion (two-thirds) of the charge 
has assulned the crystalline form, when, by opening a slide 
valve in the side of the pot, the fluid, enriched lead, is drawn 
off into another vessel, to be returned to the next melting pot 
for further concentration. 

64. Parkes' Process. — This is a method of desilverising 
lead based upon the superior affinity of silver for zinc than 
lead, and the almost complete separation of zinc from lead 
when the two are melted together, and subsequently cooled 
slowly; whereby if argentiferous lead be fused with metallic 
zinc, the two being well stirred together, and the mass then 
allowed to cool slowly, the zinc will separate largely and form 
a distinct layer or stratum upon the surface of the lead 
beneath, while the zinc crust thus formed will have further 
abstracted almost the whole of the silver from the lead; and 
as the result of the operation, there is formed an highly 
a/rgentiferou8 crust of zinCj containing also a little lead, and 
beneath which is a layer of poor lead almost desilverised, 
but retaining a small proportion of zinc, rendering such lead 
hard and unfit for most applications without subsequent 
softening or improving. 

At Uanelly, where this process was introduced, the change 
of from 6 to 7 tons of argentiferous lead was melted in the 
iron pot or kettle a, resembling the ordinary Pattinson's pot, 
while the zinc to be added was melted in a smaller adjacent 
pot 6. Afber melting the lead, it is skimmed and its tempera- 
ture raised to the melting point of zinc, when from 1} to 2 
per*cent. of the melted zinc, according to the content of silver 
in the lead, is poured into the molten lead, the incorporation of 
the two being effected as thoroughly as possible by continued 
stirring of the mixture, afber which the fire is lowered, and 
the mass allowed to cool slowly; the thick ring of zinc which 
tends to form around the edge of the pot being continually 
removed by a piece of wood, until, when a tolerably uniform 
crust of zinc forms over the surface, it is removed by a per- 
forated ladle, an operation which is repeated upon succeeding 
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cniate until the subjacent lead indicatea, upon assay, a suffi- 
ciently low content of sUver. 



Fig. 32.— Pots pok Mbltino Lbad ahd Ziko is Pabkes' Pkookss. 

The separated crusts of argentiferous zinc, containing 
also a little lead, are 
then heated in the 
liquation retort d, fig. 
33, to a temperature 
somewhat above the 
melting point of lead, 
■whereby a quantity of 
argentiferout feat?, con- 
taining a little zinc, 
will liquate out and 
collect in the recep- 
tacle e, and may be 

again returned to the Kg. 33.— Li<id4tion Appabatus toe 
pot a, for subsequent Parkes' Procsss. 

treatment with a further proportion of zinc; or it may retain 
sufficient zinc to permit of ito being remelted, skimmed, tuid 
then cooled, when a second argentiferous crust will separate; 
or it may he snfGciently rich to he treated directly for the 
separation of its silver by the process of cupellation. The 
residue collected &om the retorts (a) is then mixed with 
limoand carbonaceous matters, as coal, etc., and diatiUed in 
ret&rta or cruciUes/or the ayjarcUvm of the zinc; after which 
the residue remaining contains the silver along with lead, 
some copper, etc., together with certain pulverulent and 
earthy matters. The highly argentiferous lead so obtained 
is th^ remelted, skiuuned, and cupelled for the extraction 
<€ the silver. 

There is a loss of lead in Parkes' process amounting to 
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about 1 per cent, of the metal treated. Instead of adding 
the total charge of zinc all at once, as above described, it 
has been proposed to make the addition at two or three 
times, separating a portion of the silver in a zinciferous crust 
between each addition; thus in Carinthia a first addition of 
zinc to the extent of about f per cent.* of the weight of the 
lead is made, the mixture well stirred, and after the neces- 
sary rest and cooling, a first argentiferous crust of zinc is 
removed, when the operation is repeated with the addition of 
about J per cent, of zinc; and, lastly, ^s P®^ cent, of zinc 
is added, and a third crust separated. 

The lead remaining in the pot after the separation of the 
zinc crusts is run into a reverberatory softening furnace, the 
bottom of which is a flat iron pan, in which the metal is 
melted, thereby oxidizing the zinc, antimony, iron, etc. ; 
the dross, etc., which rises to the surface being skimmed off 
at intervals, until the lead has acquired the necessary degree 
of softness, as indicated by samples withdrawn from the 
charge. GHie softening is often finally completed by subject- 
ing the metal to a species ofpoliiig, in which a piece of wood 
is inserted into, and kept below the surface of the melted 
lead contained, in a suitable pot, similarly to the process de- 
scribed for polmg tin, Vol. I., page 204. 

65. Flach'9^ Method of Desilverization by means of 

Zinc. — A mo(i[fication of Parkes' process has been patented 
by the late C.r F. Flach, and has been introduced into prac- 
tice at several of the English and Continental lead-smelting 
establishments, with a reported economy over the Pattinson 
process. The modified process of Flach consists in melting 
the charge of lead in large cast-iron pots, and adding the 
zinc in three successive charges; thus, when the lead is 
melted, about two-thirds of the total charge of zinc is added, 
and the mixture well stirred; after which the fire is lowered, 
whereupon a zinciferous crust rapidly forms,* and is removed 
by skimming with a suitable ladle; the skimming being con- 
tinued until the lead begins to crystallise, upon which the 
heat is again raised, and a second portion of about one-fourth 
of the charge of the zinc is introduced, and the above opera- 
tions of cooling and skimming are repeated, after which the 

* Percy. Metallurgy, Vol, IIL/ 
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remaining portion of the zinc is added, with a repetition of 
the same treatment. These zinciferous crusts are then 
treated in smaller pots for the liquation of a portion of the 
lead, which collects in the bottoms of the pots, while the 
concentrated alloy is skinuned from its surface. The con- 
centrated zinciferous alloy thus obtained is now smelted 
along with lead slags and tap cinder in a small blast furnace, 
whereby the zinc is largely volatilised as zincic oxide, while 
a highly argentiferous lead is obtained, which is then directly 
subjected to cupellation for the separation of the silver. 

SOFTENING OF HAKD LEAD. 

Lead, as reduced from its ores, is usually contaminated 
more or less with cmtimony, copper^ tin, a/rsenic, and other 
impurities, the extent of impurity varying with the kind 
and quality of ore from which the metal has been reduced; 
thus slag leads, and especially lead reduced from Spanish 
ores, are more or less hard and deficient in malleability from 
the presence of these impurities. Such lead accordingly re- 
quires to be " softened " or " improved " to fit it for applica- 
tion to the uses of the arts and manufactures. The metals 
above enumerated as imparting hardness to lead are readily 
oxidizable, and the various methods of softening lead are 
operations for effecting their oxidation, either by atmospheric 
oxygen according to the manner generally pursued, or by the 
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additdon'of oxidiang materials, as alkaline nitrates, cUoratce, 
hjrpocliloriteB, etc., to the charge of molten lead to be 
softened. 

66. Boftening of Lead bj Oxidation. — ^The method of soft- 
ening by atmoepberic oxidation or calcination is conducted in a. 
reverbOTatory fiimace with a low arch or crown, and fitted with 
a shallow cast-iron bottom a, indicated in figs. 3i and 36, or 



Fig. M. — SBcrnoNAii Blevatios o» SorTENicn FtntdiCB. 



Fig. 35.— Puw o» THB Bed of Softrhiho FtTMTACK. 
other bottom, formed so as to be impervious to the percolation 
of molten lead. The charge of from 6 tolO tons of lead is either 
melted inan adjoining potbeforeits introduction into the soflen- 
ing furnace proper ; or the pigs of le:id may be at once inserted 
upon the liearth of the furnace and there melted, upon which 
the temperature is raised above the melting point of lead,*and 
thereby the more oxidizable metals, as antimony, areenic, 
copper, tin, ete. , along with some lead, are oxidized, and collect 
an a kmd of dross w slag upon the surface of the metal, when 
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the temperature is lowered, and the dross is raked or skimmed 
oK The heat is now again increased with the production of a 
further proportion of dross, when the temperature is lowered 
as before for its removal by skimming, and these operations 
of oxidation and of skimming ofiT the dross are repeated until 
specimens of the metal taken out for trial exhibit the required 
degree of softness and malleability; the surface of the metal in 
the furnace also generally indicating this condition by present- 
ing a blue iridescent colour and crystalline texture, instead of 
being rapidly covered with a dull bluish-white incrustation 
of oxide of antimony, as presented by the hard metal. 

The duration of the softening process depends upon the 
parity or relative hardness of the original lead Thus, while 
from eighteen to twenty-four hours will suffice to soften some 
varieties, others and more impure specimens, such as those 
produced from the smelting of lead slags in the slag hearth 
of Derbyshire, or the hard lead produced from Spanish ores, 
requires considerably longer time to soften, the period in 
such cases extending to some fourteen days of constant 
attention.* 

At Ereiberg, in Saxony, the softening is effected in a rever- 
bei-atory furnace, to the hearth of which a blast of air is sup- 
plied by a pair of twyers for the oxidation of the impurities. 

The slag or dross removed from the surface of the metal 
duiing the softening process differs much in physical qualities, 
but often presents a dull brownish colour, is hard and heavy, 
consisting as previously indicated largely of the oxides of 
antimony, copper, tin, lead, etc., and if treated along with 
carbonaceous matters in a blast or reverberatory furnace, it 
yields a hard lead, from which, however, a proportion of soft 
lead may be obtained by subjecting it to a repetition of the 
above softening process; or such hard metal may be at once 
employed as an inferior metal for the manufacture of bullets, 
inferior type, eta 

SHEET-LEAD, ETC. 

The chief applications of metallic lead to the arts are in 
the form of sheet-lead for roofing, for the lining of sulphuric 
acid chambers, etc., and as lead piping or rod. Sheet-lead was 
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formerly prepared by casting the metal in a suitable mouldy the 
required thickness being regulated by a stricMe resting upon 
the sides of mould, and moved by workmen over the leiigth 
of the sheet, so as to remove the excess of fluid metal; but the 
more modem practice is to cast the metal as a thin slab, which 
is then rolled out in its cold state between cast-iron rollers, 
of some 18 inches in diameter, and provided with reversing 
gear, whereby when the sheet or dab has passed through 
the rolls from left to right, by reversing the mill the sheet 
again passes between the rolls in the reverse du'ection; the 
apparatus is also provided with a hand wheel actuating screws, 
by which the rollers can [be brought closer together, and the 
thickness of the plate reduced at each passage between the 
rolls. As the sheet extends in size beyond the limits of the 
rolls, it is cut up into smaller squares, upon each of which 
the rolling operations are continued until the metal has 
acquired the desired degree of thinness; and for the produc- 
tion of very thin sheets it is a practice, in the last stages of 
the process, to pass two or more thicknesses of metal properly 
prepared through the rollers at once. 

Lead pipes were formerly made by casting the metal in a 
mould around an iron core, and subsequently drawing the 
tube with its core through a succession of steel dies, contiuu- 
ally diminishing in size, whereby the metal was caused to 
flow along the surface of the core, and thus the length of the 
pipe was increased with a corresponding decrease in its 
diameter; but at many works lead piping, as also the had 
Tody required for various purposes, as bullet making, etc., is 
prepared by the operation known as ^^ squirting'* lead, in 
which the metal, contained in a large cyliuder, is forced or 
squirted by the action of hydraulic pressure upon the metal, 
through a hole or die-plate of the required size and form, 
fitted in the upper end or cover of the cylinder; and accord- 
ing to this melJiod, by altering the dies through which the 
metal is squirted and tiie amount of metal operated upon, rods 
of any required length maybe readily manufactured. The metal 
to be manufactured into pipes or rods is melted and poured 
in the desired quantity into an iron cyUnder, into the bottom 
of which fits the end of a ram or plunger, the other extremity 
of which fits into a hydraulic cylinder beneath. The aper- 
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tiire for the introduction of the metal having been stopped 
hy a screwed plug, and a suitable die' applied in the upper 
end of the cylinder, the pressure is then applied to the ram, 
and the metal flows or is squirted through the die, which, if 
lead pipe is hemg produced, is also fitted with a spindle, of 
the size of the inside of the pipe, and around which the 
metal flows, forming a hollow tube or pipe. The metal in 
the cylinder is kept heated to a point just below fusion 
during the squirting operation, the heat being applied by 
a fire or other heating apparatus applied ai'ound the outside 
of the cylinder containing the lead. 

Lead-rod or lead-wire, owing to the inferior tenacity of 
the metal, could not be manufactured according to the ordi- 
nary methods of wire-drawing, and it is therefore necessaiy 
to have recourse to the operation of squirting, and to make 
use of the flowing quality of the metal. 

In the manufacture of lead pipes, rods, etc., the purest and 
softest of lead is not usually required, since the admixture 
of a little antimony or tin hardens the metal, gives to it a 
brighter colour, and enables it to stand wear somewhat 
better. 



I 



CHAPTER m. 

ZINC. 

This metal, i^hicli is known commercially also ss *' spelter," 
is a blnish-white metal, possessing when polished a bright 
metallic lustre. Commercial cast-zinc is brittle and crystal- 
line, but the pure metal is malleable and may be hammered 
into thin leaves at the ordinary temperature; while the com- 
mercial metal is brittle when cold, but becomes malleable if 
heated to a temperature of from 100* C. to 150° C. (212^ F. 
to 302^ F.) At a temperature of about 200^ C. (392° F.) it 
again becomes brittle, and at 412° C. (773° F.), according to 
Daniel, the metal fuses, while at 1040°C. (1904^ F., Deville 
and Troost) it boils. Zinc is hardened by rolling, and 
requires annealing at a low temperature to restore its malle- 
abflity; but, if heated to a temperature near its melting 
point, the metal then becomes brittle whether slowly or rapidly 
cooled, in which state the metal, when bent, emits a sound 
resembling the " cry of tin," but somewhat more feeble. It 
is volatile at a bright red heat, the vapours taking fire in the 
atmosphere and burning with a bluish-white flame, with the pro- 
duction of a white powder of zincic oxide (ZnO); but it is not 
acted upon by exposure at the oi*dinary temperature to dry 
oxygen, though, if exposed to the atmosphere or moisture at 
the ordinary temperatures, its surface rapidly becomes coated 
with a layer or film of a grey oxide, which does not, however, 
increase by continued exposure, but protects the m^tal from 
further action. If carbonic anhydride be also present, the 
coating is more rapidly formed, and consists then of a basic 
carbonate of zinc. The specific gravity of cast-zinc is 6*862, 
which by pressure, as by forging, rolling, etc., is increased to 
7 '21; it contracts but slightly on solidification and cooling 
from the fused state, and tibis quality, together with the great 
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ease with 'which two pieces are soldered together, has led to 
its somewhat extensive use for the production of ornamental 
castings, which are in all cases cast in small pieces (although 
some of the ornaments are of considerable size), then soldered 
together, and the connections afterwards dressed off by the 
3kme;-zino expands ^ik of its length by heating from 
O" to 100°C. (32° to 212° F.) Pure zinc dissolves slowly in 
hydrochloric or sulphuric acid, while ordinary commercial zinc 
dissolves readily m these acids at the common temperature, 
with the liberation of hydrogen — ^the dark grey residue ob- 
tained on treating the commercial metal with these acids 
consisting chiefly of lead. Zinc is also dissolved by nitric acid 
and by digestion in aqueous solutions of the alkalies. It 
also reduces many metallic oxides if melted with them, while 
nearly all the metallic chlorides and fluorides are reduced when 
heated with the vapour of zinc in an atmosphere of hydro- 
gen. When heated with nitre or potassic chlorate, then zincic 
oxide is produced, the action being accompanied by a violent 
deflagratioiL At a red heat, zinc decomposes the vapour of 
water readily; and at a very high temperature its vapour 
reduces carbonic anhydride (OOg) to carbonic oxide (CO), 
while at a lower temperature zincic oxide is reduced by 
carbon or carbonic oxide— the latter constituting the active 
reducing agent in the extraction of the metal on the large 
scale. Silver, gold, platinum, bismuth, antimony, tin, mer- 
cury, lead, etc., are displaced from their solutions by zinc. 
The symbol of zinc is Zn, and its atomic weight is 65. 

67. Impurities in Commercial Zinc. — Arsenic is a fre- 
quent impurity in English zinc, though much commercial 
zinc is free from this impurity.* Bismuth, antimony , copper, 
silver, and tin are not often foimd in the metal; while iron 
and lead constitute the most frequent impurities. The effect 
of tin or iron in the metal is to impair its malleability. 

Iron ranks as the most important and most frequent impurity 
of zinc — its presence rendering the metal much harder, and 
causing it to become hot and crack during its rolling for zinc 
plates. Its presence is also indicated in the fracture of an 
ingot by its greyer appearance and the presence of a number 
of bhu^ specs on the faces of the cleavage planes^ while the 

* £Uot and Storer. 
19—11, L 
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pure metal e^bits clear brilliant cleavage planes on frac- 
ture. The zinc may be freed from this impurity by redistil- 
lation, avoiding in this process all contact with iron. 

Zeocf, introduced from the galenamost frequently accompany- 
ing zinc blende, is almost always present in commercial zinc 
in amounts not exceeding 1*5 per cent., for although these 
two metals do not alloy well together, yet on melting them 
together, and then allowing to cool, the lead holding about 1*5 
per cent, of zinc wiU separate and form the lowest stratum; 
while the zinc, with a like proportion of lead, forming a less 
dense alloy, occurs as an upper layer. In this manner the 
zinc intended for rolling is compaj^tively freed from lead, the 
pigs or ingots of zinc being melted upon the bed of a rever- 
beratory furnace made to slope down to a deep cavity, well, 
or sump at the flue end of the hearth, and into which the metal 
flows as it melts — ^the temperature employed being insuflicient 
to ignite the zinc. The metal separates in this well into two 
layers, the lowermost containing the lead, while the upper is 
zinc comparatively free from lead — the latter being ladled, 
through an opening at the end of the furnace, into ingots of a 
size convenient for rolling purposes. Svlphv/r is most gene- 
rally present in small quantities in commercial zinc. 

68. Zinc and Oxygen — Zinc, as already stated, if heated 
to a temperature a little above its melting point, takes fire 
and bums with a bluish-white flame, with the production of 
zincic oxide (ZnO), formerly known as flowers of zinc, lana 
phUosophica, etc., which compoimd is yellow while hot, 
though white when cold. Zincic oxide also occurs native, 
as zincite or red zinc ore. Zincic oxide is reduced to the 
metallic state at a strong red heat by either carbon, carbonic 
oxide, hydrogen, or iron; and if heated with sulphur then zincic 
isulphide is formed with tiie evolution of sulphurous anhy- 
dride. Zincic oxide combines with silica in definite propor- 
tions with the production of difficultly fusible silicates, which 
are reducible by carbon (Percy); and with boracic acid this 
oxide yields readily fusible compounds. Zincic oxide consti- 
tutes the pigment known as zinc-white, used for the protec- 
tion of iron from rust, and proposed as a substitute for white 
lead, since it is not blackened by exposure to sulphuretted 
hydrogen, buli it lacks the body and opacity of the former. 
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This compound is prepared on the large scale by conye3ring 
the vapours of zinc, distilled from clay retorts, into chambers 
through which air is kept in circulation, when the metal 
bums, and the oxide, with more or less metallic zinc, is de- 
posited in a series of condensing chambers. 

69. Zinc and Sulphur. — ^These elements have not very 
powerful affinities for each other ; but, by projecting a mix- 
ture of sulphur and finely divided zinc into a red-hot crucible, 
combination takes place with incandescence (Percy); but a 
considerable proportion of the zinc remains uncombined and 
merely mixed with the sulphide. Zincic sulphide (ZnS) also 
results when zinc turnings and cinnabar (HgS) are strongly 
heated, or when zincic sulphate is heated with sulphur or 
carbon; and, as an hydrate, it is precipitated from neutral or 
alkaline solutions of soluble salts of zinc as an amorphous 
white powder, when an alkaline sulphide, as ammonium 
sulphide, is added thereto. As prepared by the dry methods, 
zincic sulphide is a white or yellowish-white powder which 
is practically infusible (Percy), and tends to diminish, the 
fusibility of other sulphides or regulil when combined with 
them; if roasted with access of air, sulphurous anhydride is 
evolved, and the residue contains zincic oxide and sulphate— 
the latter suffering decomposition at a full red heat, leaving a 
residue of zincic oxide. But this sulphide is a substance diffi- 
cult to roast absolutely sweet, although it has but little 
tendency to clot, and thus permits of a somewhat high tem- 
perature being employed in the earliest stages of the roasting 
process. Zincic sulphide is decomposed when heated to red- 
ness with metallic iron, the zinc being volatilised while 
ferrous sulphide remains; similarly, carbon and steam effect 
the decomposition of zincic sulphide ; and a mixture of zincic 
sulphide and oxide heated to a high temperature reduce one 
another after the manner of the corresponding copper com- 
pounds.* Zincic sulphide is readily oxidized by fusion with 
nitre or sodic nitrate. This compound occurs native in the 
ore known as " blende" or " black jack." 

70. Zinc with Phosphorus. — These elements combine 
under the influence of heat, yielding a sublimate having a 
metallic lustre and vitreous fracture, while the presence of 

♦ Percy, VoL I. 
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small quantities of pliosplioras diminishes tlie fusibility of 
zinc, and at the same time imparts to the metal a colour and 
lustre resembling that possessed by lead. 

71. Zinc with Arsenic. — Union of these elements occurs 
readily without fusion, the application of a gentle heat 
sufficing to effect the combination, and, like phosphorus, its 
presence renders the fusion of the metal more difficult. The 
occurrence of arsenic in commercial zinc is noticed under the 
impurities of the metal. 

72. Alloys of Zinc. — ^Zinc is of extensive application to 
the arts, as an element entering into the composition of a 
large and important series of alloys, to which, when pre- 
sent in certain proportions, it communicates a degree of 
hardness without impairing the malleability of the alloy; 
while in larger proportions it often induces brittleness in the 
product. Zinc also lowers this melting point of the metals 
with which it is alloyed, and renders them less alterable by 
exposure to the atmosphere; but owing to the low melting 
point and volatility of zinc, the preparation of its alloys 
requires considerable care to prevent unnecessary loss of the 
metal. 

With copper, it forms the numerous varieties of brass, 
Muntz metal, etc., described at page 183 ; and with tin in 
addition, it constitutes the varieties of bronze, tombac, etc., 
already described.* Alloyed with from 40 to 60 parts of 
copper and 20 to 30 parts of nickel, it yields the different 
qualities of GerTiian silver. 

Zinc and lead do not alloy well together; if the two metals 
be melted together aad then left at rest, tJie alloy separates 
into two portions or layers, the upper one a plumbiferous 
zinc containing about 1*2 per cent, of lead (Matheisen), and 
a lower or zinciferous lead containing about 1*6 per cent, of 
2inc. 

With mercwry zinc amalgamates readily, especially on the 
application of a very gentle heat; and, with the addition of 
tin, in the proportion of 60 parts of mercury, 25 of zinc and 
25 of tin, it forms the cmudga/m, employed for the rubbers of 
electrical machines. 

Zinc alloys readily with tiffh upon fusion of the two metals, 

♦ Vol J., j)^ 309. 
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the alloy being harder than tin but less ductile; it also readily 
alloys with silver, gold, platmum, and palladiuni, but the sub- 
stances so produced are of little or no practical application to 
the arts. 

Zinc also enters to the extent of about 1 per cent, into the 
composition of the English bronze coinage. 

73. Ores of Zinc. — Zinc is said to have been found in 
Australia in the ncUive state, but its chief forms of occurrence 
are the carboncttes, oxide, miphide, and silicate of the metal, 
which, though tolerably abundant in certain localities, are not 
widely diffused; and their occurrence in England cannot be 
considered as extensive, although ores of zinc occur in the 
limestones of Cornwall, Devonshire, Somersetshire, Derby- 
shire, and Cumberland, as also in Flintshire in Wales. 

Calamine, or the native zincic carbonate, is, when pure, 
colourless or quite white with a pearly lustre, but owing to 
the presence of oxides of iron, etc., it usually occurs as a 
brown or buff coloured mineral, giving a white streak and 
an uneven or conchoidal fracture. It forms by far the most 
important and abundant ore of zinc. It is found in Belgium, 
Silesia, Carinthia, Westphalia, Poland, Hungary, Siberia, 
France, Spain, and the United States; occurring also in several 
counties of England, in the Lead-hills of Scotland, and in parts 
of Ireland, It contains, when pure, 52 per cent, of the metal, 
but it is usually accompanied by oxide of iron, carbonates of 
lime, magnesia, iron, and cadmium, along with baric sulphate 
and clay, and is often associated with blende (ZnS), galena 
(PbS), and the hydrated silicate of zinc, known as electric cala- 
mine. Calamine occurs in veins, beds, and pockets, usually 
traversing the limestones of Devonian, Carboniferous, or 
Oolitic age. 

Bed zinc ore, zinciie, or oxide of zinc, occtu*s both amor- 
phous and crystallised. This mineral in its pure state is quite 
white; but as occurring generally, it has a red colour, due to 
the presence of the oxides of manganese and iron, and more 
especially of the former, which thus imparts to the mineral 
its characteristic colour. This ore occurs largely in New 
Jersey in the United States, where it is raised and smelted, 
the oxide being here associated with willemite, franklinite, 
blende, eta^ and the ore after treatment with anthracite dust 



166 ItfiTALLUROt. 

for the extraction of zinc, leaves a bigUy xnaaigamferoiis 
residue, which is smelted in blast furnaces for the production 
of speigeleisen. 

Blende, or zincic sulphide (ZnS), known to the miners also 
as ** black jacky" occurs both massive and crystalline. It has a 
vitreous lustra and conchoidal fracture; it varies in colour 
from white, to yellow, brown, greenish, and almost black; it is 
rarely free from sulpldde of iron. Blende usually occurs as a 
highly lustrous, black, brownish-black, or yellowish mineral, 
sometimes possessing a reddish tint from admixture with 
galena (PbS); but the pure zincic sulphide is perfectly white, 
and like most other zinc ores, it is most frequency accompanied 
by cadmium, whUe iron and copper pyrites, with galena, are 
frequent associates of the mineral; it sometimes oontaios 
antimony in addition, and may be sufficiently argentiferous 
to render profitable the extraction of its silver. The pure 
zincic sulphide contains 67*03 per cent, of zinc; but blende con- 
tains on an average only from 45 to 60 per cent, of the metal. 
Blende is an abundant ore of zinc, occurring in the limestones 
and sandstones of Cornwall, Devcmshire, Derbyshire, Wales, 
the Isle of Man, Perthshire, the Lead-hills, and some dis- 
tricts of Ireland; also in Hungary, Bohemia, Carinthia, the 
Hartz mountaios, and other places on the Continent ; likewise 
in New Jersey and the United States. 

^Electric calamirie, or basic hydrated zindc silicate, occurs 
in tolerable abundance, associated with the ordinary calamine 
or zLQcic carbonate, with lead ores and with blende; but 
owing to the difficulty of its reduction it is not smelted in 
this country for the extraction of zinc, though it is worked 
in Hungary, Silesia, Poland, Spain, the Hartz, etc. 

WUlemite is an anhydrous zincic silicate, which occurs at 
Tieille Montague in Belgium, at Stolberg in Carinthia, Kew 
Jersey, etc. 

EXTRACTION OP ZINC PROM ITS ORES. 

Zinc is always extracted by a process of distillation, the 
metal volatilising, as already noted, at a bright red heat, or 
about 926-5°C. (1900°F.); and when calamine or blende is 
the ore operated upon, the reduction is always effected from 
sdncic oxide (ZnO), the blende luidergoing a preliminary 
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roastiiig or calcination for the elimination of its sulpliiir; 
while calamine is not always roasted, since the carbonic anhy- 
dride (COg) is expelled by the heat of the furnace during the 
earlier stages of the distillatory process. Yet it is the usual 
practice to calcine calamine, since, after calcination, the ore 
is left less compact, and therefore more readily acted upon by 
the carbonaceous matters employed for its reduction, and at 
the same time the calcination expels moisture which would cool 
the retort, besides probably carrying off a proportion of zincic 
oxide mechanically suspended. The distillation is carried on 
either 'per descensuniy as conducted in the English method of 
reduction, where the zrne vapour is drawn downwards from 
the bottom of the pot or crucible to the condensing apparatus; 
or per asceneum as practised in Silesia, etc., where the vapour 
of the metal passes out from the uppermost point of the 
crucible or retort to the condensing apparatus. The principal 
works for the extraction of zinc in England, are located at 
Swansea, Sheffield, Birmingham, Llanelly, Bristol, Wigan, 
and Wrexham. 

74. English Process for the Extraction of Zinc— If 

blende (ZnS) be the subject of operation, it is first picked as 
free as possible from galena (PbS), then stamped or crushed 
between iron rolls, and afterwards carefully washed to sepa- 
rate earthy matters. The ore thus prepared is roasted or 
calcined in a reverberatory furnace or calciner of some 10 ft. 
in length and 8 ft. in width, or in a furnace of which the 
bed is divided into three steps, on to which the ore is pixn 
gressively raked from the flue to the bridge end of the 
furnace, in which case the total length of the bed attains to 
35 or 40 ft, with a width of from 8 to 10 ft.; while a third 
variety of calciner consists of two beds, one above the other, 
the ore being first introduced on to the uppermost floor, the 
flame and products of combustion passing over the first floor, 
and then over the second before escaping by the stack; and 
the ore, after exposure for a certain length of time on the 
upper bed, is raked through an opening between the two on 
to the lower bed, where the calcination is completed. The 
flat bedded calciner first named operates lipon charges of 
from 15 to 20 cwt. of blende, which is spread over the bed 
of the furnace and stirred at frequent intervals, the roasting 
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being continued for from 12 to 20 botirs, during vUcb time 
BulphurotiB anhydride continaea to be evolved and ziiicic oxide 
lemaini, thus, 

ZnS + 30=ZnO + SO,. 

If caJamine be the ore under treatment, it is either diieetl; 
introduced into the distillatory apparatoB, or it is first reduced 
to a coarse powder and subjected to a preliminary calcination 
by which water and carbonic anhydride are expelled, and die 
zincic oxide with earthy matters remaining, ia obtained in 
a form readily reducible to powder. 




Kg. 36.— Vbrtioal Sbction of the Ehulish Zibc Fdmtaci. 
The English furnace for the muelting of zinc is (including 
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the cave) about 40 feet in height, and has externally the 
form and appearance of the ordinary glass working furnace. 
It consists of a lower portton or cave B, fig. 36, octagonal 
in plan, and which contains the receivers and condensing 
apparatus. The roof of the cave forms the floor of the 
chamber 0, in which are placed the 4)ots, usually six in 
number, placed three upon each side of the fireplace a, which 
runs along the middle and across the furnace; the chamber 
C is closed by the low arch b, in which are openings d d for 
the introduction of the charge into each pot, and which open- 
ings also act as flues, whereby by inserting or withdrawing 
a slab or quarry, which can be placed over each, communica- 
tion is opened or closed between the chamber C and the doTne 
A, which surmounts the whole, and by these means a little 
back pressiu*e can be maintained in C, so that in case of the 
walls cracking, the flame rushes out, and cold air does not 
obtain access to the pots, which are thus prevented from being 
cracked by this cause. The dome A acts as a chimney to 
the furnace, and also serves to better retain the heat of the 
furnace. The arched openings//, which are bricked up with 
large pieces of brick during the working of the furnace, are 
for t£e introduction and withdrawal of the pots e e ; and in 
the dome A are corresponding arched openings hh. The 
openings at the ends of the flreplaoe are not closed by a door, 
but are loosely stopped with coal piled up in the opening. 
The pots or crucibles e e are 4 feet in height, and 2 feet 6 
inches in diameter, with an opening or mouth at the top for 
the introduction of the charge, which is afterwards closed by 
a loose cover, and the bottom of each pit is perforated with 
a -hole to which is connected the condensing apparatus, con- 
sisting of the sheet-iron conical tubes II, nuy supported by the 
rods m m, from eye-bolts in the side walls, whereby the flange 
on the top of the tube I is placed in contact with the bottom of 
the pot, so that the axis of the tube coincides with the centre 
of the hole in the bottom of the pot; while beneath the lower 
extremity of each of the condensing tubes is placed an iron 
dish or receiver p, into which the metal falls as it is distilled. 
The crucibles or pots are made of Stourbridge fire-clay, old 
pots freed from vitreous matters, together with glass-house 
potsherds, the whole being reduced to powder, and kneaded 
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with water after the manner described for the manufacture of 
the crucibles* for melting steel, except that the zinc pots are 
moulded wholly by hand in a wooden mould, with a special 
contrivance for obtaining the form given to the top of the 
crucible. 

After the pots hate been inserted in the furnace, the aper- 
tures yy are bricked up, and the top piece I of the condensing 
apparatus is coated with clay, both on its inside and outside, 
and fixed in position against the bottom of the pots. If the 
furnace be cold, and the pots are all new ones, the whole is 
gradually heated so as to vitrify the surface of the pots 
(which have been sprinkled with river sand for that purpose), 
and so prevent their cracking during their working; but if the 
furnace is already heated, and a defective pot is required to 
be replaced by a new one, the fresh crucible is first heat«d to 
redness in a reverberatory furnace, and transferred while still 
hot by means of tongs to its position in the smelting furnace. 
The pots are then ready for charging, for which purpose the 
hole in the bottom of the crucible is first loosely stopped by 
introducing a few pieces of wood, which, carbonising, prevent 
the passage of the powdered ore down the pipes and so into the 
receiver, but are yet sufficiently permeable to allow the gases 
and vapour of zinc to pass downwards, or the same purpose 
may be accomplished by first introducing into the crucibles a 
few lumps of coke. On the stopping so introduced, the charge 
of 3 or 3 J cwts. of calcined blende or calamine, or a mixture 
of the two, is introduced into each pot or crucible, along with 
about 2 cwt. of coke or anthracite, the ore and reducing 
agent being placed in alternate layers, it not being necessary 
to mix the ore and coke or coal before their introduction into 
the pots, since the reduction of the metal is not essentially 
effected by carbon, but by carbonic oxide. When the pots 
have been thus wholly charged, the lids or covers of the 
crucibles are luted on and the temperature gradually raised. 

The vapours which ^rs^ appear at the bottom of the short 
tube ly bum with a brown colour, from the combustion of cad- 
mium, which very frequently accompanies zinc ores, and which, 
beiQg more volatile than the zinc, distils over in the earlier 
stages of the process. This brown blaze is succeeded, as the 
temperature attains to whiteness, by the blue or bluish-white 
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flame of carbonic oxide containing vapours of metallic zinc, 
when the longer condensing tubes w, about 8 feet in length, 
are connected to the tube ^, whereby the flame is extin- 
guished and the zinc is condensed, and gradually falls down 
into the receiver placed beneath. When zinc ceases to be con- 
densed, the residues remaining in the crucibles are withdrawn 
through the hole in the bottom of the pots, and the pots are 
then ready for recharging. If a condensing tube becomes 
stopped by the condensation of the metal and deposition of 
zincic oxide within it, the obstruction is at once removed by 
detaching the pipe n, and inserting a red-hot iron into the 
tube to melt the solidified zinc, which then falls down 
into the receiver; while occasionally an explosion occurs in 
the cave or vault from the ignition of the mixture of oxygen 
and carbonic oxide in the condensing tubes. 

A furnace of the capacity above described will work ojff 
about 5 tons of ore per fortnight, yielding in the same time 
about 40 cwts. of zinc, and the crucibles will last about four 
months before requiring renewal; but it will be necessary in 
the interval to plaster over cracks or leakages with fire-clay, 
introduced through apertures in the openiogs./]^ without the 
necessity of removing the pots from the furnace. 

The English method of extracting zinc entails a very small 
expenditure of manual labour, but it involves a much larger 
consumption of fuel than is required in the Belgian or Silesian 
processes, to be subsequently described, and also any electric 
calamine accompanying the zinc ore entirely escapes reduc- 
tion; for these reasons this method of smelting zinc has 
been almost entirely superseded by the Belgian method of 
reduction. 

Carbonic oxide is always produced in the reduction of 
zinc, thus, 

ZnO + C=Zn+CO, 

attended perhaps by a small quantity of carbonic anhydride 
(COg); since, whether carbon or carbonic oxide forms the 
active reducing agent in the preparation of this metal, the 
high temperature required for the reduction is suflGicient to 
immediately convert into carbonic oxide, by contact with 
the excess of carbonaceous matters always present in the 
crucible; any carbonic anhydride that might be first formed. 
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The zinc, as obtained above, is known as *^rough sAnc^ folf, 
as coUected in the receiver, it does not form a solid cake, but 
consists of a non-homogeneous mass of metal, enclosing zincic 
oxide and other mechanical impurities between its particles, 
and for the separation of which the rough zinc is melted, for- 
merly in cast-iron pots, but latterly clay vessels have been sub- 
stituted, siQce zinc melted in contact with iron takes up a 
proportion of the latter, and the quality of the zinc, especially 
for rolling, is thereby impaired. These melting pots are each 
heated by their own fire placed beneath the pot, and the molten 
metal is well stirred, when the oxide with the impurities rise 
to the surface and form a scum, which is skimmed off, and 
constitutes what is known as "sweeps,' the sweeps being 
returned to the smelting crucibles at the next charge. After 
this treatment the surface of the zinc is left clean, and the 
metal is laded into open moulds forming cakes or ingots, as 
required for commerce. 

75. Belgian Method of Extraction. — ^This method, now 
largely carried out in England and elsewhere, is adopted at 
the Yieille Montague Company's works in Belgium, and is 
the method by which about one-fourth of the zinc occurring 
in commerce is prepared. The ores adapted to this process 
are the carbonates, silicates, and oxides of zinc, or a mixture 
of these is more usually employed, the ore before smelting 
being roasted or calcined — a process conducted at the Vieille 
Montague Company's works in open-topped kilns, from which 
the products of the calcination are withdrawn through open- 
ings in the sides of the kiln which are connected with a 
suitable flue; but the small ore is usually calcined in rever- 
beratoiy furnaces. 

The calcined ore is then ground to powder, and mixed 
with half its weight of small coal or carhoTuiceotis matters , and 
the mixture of ore and reducing agent so obtained is (after 
slightly moistening to prevent its blowing away) introduced 
by a suitable ladle into the series of cylindrical fire-clay 
retorts a, figs. 37 and 38, which are closed at one end, and 
arranged with their open extremities or mouths to the front, 
in an arched vertical chamber well braced together by iron 
standards and tie-rods, each furnace or chamber containing 
from sixty to eighty of these retorts, arranged in eight tiers 
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of from eight to ten in a tier. TLe retorts are from 39 to 
42 incbea in length, and from 6 to 8 inches in external 
diameter, and their posterior or closed extremities rest upon 
notches built in the hack wall of the furnace, while ledges of 



Fig. 37. — LoNQiTDDHJAL Vebtt- Tig. SS-^Traksvebsb Vertical 
c*L Section or Bblolan Zimo Skctioh ov Beloiah Zinc Fur- 

FUKBACE. KACE. 

cast-iron are arranged in the front of the chamber for the 
support of the front ends of the retorts, the rear ends being 
8Uppcrt«d as shown, at a higher level than are the front, so 
tbat the retorte Loclioe downwards from the back to the front; 
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while to the mouth of each retort is luted a simple bellied fire- 
clay nozzle or condenser c, about 12 inches in lengthy to the 
front extremity of which is again fitted a more conical iron 
tube d, which latter serves to condense and collect the 
^^/tMTie" or crude zincic oxide (ZnO) which passes over along 
with the zinc during the distillation, and which is detached 
by the workman from these nozzles or receivers at intervals 
of about two hours, and is returned to the retorts with a 
subsequent charge. The fireplace (e) is situate beneath the 
lowest row of retorts, while coal is the fuel employed, and 
the products of combustion pass through openings in the 
roof of the fireplace, then around and between the various 
retorts, before escaping by the two flues h h from the top of 
the retort chamber to the stack /; four such furnaces being 
usually arranged in a group with the stack between them, 
the latter being divided by partitions into as many compart- 
ments or flues as there are furnaces in the group, so that 
each furnace can be controlled by its own damper. 

It is obvioos from the armngement of the famace, that the 
retorts will not be equally heated, but that the temperature 
of distillation will decrease from the lower to the upper tiers 
of retorts; and to maintain a regularity of the process in 
different parts of the furnace, the retorts in the lower tiers 
are charged more heavily than those in the upper rows; 
thus, while the lowest retorts receive a charge of 28 lbs. of 
ore and reducing agent, those in the upper rows receive but 
16 lbs. of the mixture; also, the less refractory materials as 
" zinc fume " from the nozzles, etc., and ores containing much 
oxide of iron, are introduced into the upper retorts, since the 
latter class of ore would give rise to the production of a fusible 
ferrous silicate at the temperature attained in the lower 
retorts; while the more refractory zinc ores are also introduced 
into the lower tiers, and the lowest tier of all is occupied 
by empty retorts, somewhat thicker than those to be charged, 
which thus serve to protect those of the next row from the 
intense local heat immediately over the fire. 

In introducing new retorts into the furnace, the retort- 
chamber is first raised to a high temperature, and then the 
retorts, also previously heated to redness in a separate fur- 
nace, are introduced and fixed in their places, when the 
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nozzles (e) are connected to the retorts, and the charge of ore 
and coal introduced by a suitable scoop through the nozzle 
into the retort, when, after a short time, the blue flame of 
carbomc oxide is observed burning from the mouth of c ; but 
after a further short interval the transparent flame becomes 
more opaque, luminous, and of a greenish-white colour, due 
to an admixture of burning zinc, with the escaping carbonic 
oxide, and at this stage the conical sheet-iron pipe (d) is 
attached, when the distillation proceeds as described, the 
greater part of the zinc condensing in the hollow or belly 
of the nozzle c, from which it is ladled or raked out at in- 
tervals of about two hours, in quantities of a pound or two at 
once. 

The process thus involves a considerable expenditure of 
manual labour, while its consumption of fuel is only from 5 to 
6 tons of coal per ton of zinc produced, which is little more 
than one-half the amount required in the Silesian process, and 
about one-fourth of that used in the old English process; but 
the residue left in the retorts on the completion of the distil- 
lation retains about 10 per cent, of zinc, in combination with 
silica derived from the clay retorts, and from which the zinc 
cannot be separated by this process, but is lost from the diffi- 
culty attending the reduction of zincic silicate. 

Ihe charge being worked ofi*, the residues are raked well 
out into a pit in front of the furnace, and recharging imme- 
diately commences, two charges being worked off during the 
twenty-four hours ; and the furnaces are thus worked con- 
tinuously, until requiring to be stopped for repairs, which, 
on an average, will occur at intervals of about two months. 

The rough metal obtained by this meithod of distillation 
requires, before it is ready for the market, to be remelted for 
the separation of the zincic oxide, etc., with which it is accom- 
panied, and which rises to the sm^ace on remelting, forming a 
scum which is removed as long as it forms; after which the 
metal is cast into ingots, weighing from 70 lbs. to 80 lbs. 
each, in which form it is sent into commerce. 

At the works of the Vieille Montague Company the ore is 
first washed for the separation of clay, etc., which accom- 
panies the calamine more or less, after which it is calcined in 
the manner already described, the ore losing by this treatr 



176 METALLUBOT. 

ment abont 25 per cent, of its weight, and it is then treated in, 
the Belgian furnace in the manner just described. 

76. Silesian Method of Extraction.— ^The chief difference 
between this and the Belgian method last described, exists in 
the construction of the furnace and retorts; for in the Silesian 
process the retorts are supported throughout their whole 
length, and a greater heat may be thereby attained without 
fear of the retorts collapsing than is permissible in the Bel- 
gian process, thus rendering it practicable to smelt poorer ores 
by the Silesian process than can be profitably employed for 
treatment by the previous methods; while the residues left in 
the retorts, instead of containing some 10 per cent, of zinc, as 
in the Belgian process, do not retain more than perhaps 5 per 
cent, or 6 per cent, of metal. In consumption of fuel and 
expenditure of manual labour, the process stands intermediate 
between the Belgian and old English methods of reduction; 
and by the application of the Siemens' regenerative furnace 
to the process, the consumption of fuel has been somewhat 
further reduced. 

The ores employed in the Silesian process are, as before, 
chiefly oxides, carbonates, or sulphides of zinc, which may be 
profitably smelted if they contain not less than about 20 per 
cent, of metaL The ore is first calcined as thoroughly as 
possible in a reverberatory furnace having two tiers or floors 
one above the other, or with a single bed divided by a step 
into two portions; the ore being first roasted for about twelve 
hours on the bed having the lowest temperature, when it is 
exposed for a like period to the higher temperature of the 
other portion of the bed, the furnaces being heated either by 
their own fire or by the waste gases from the smelting fur- 
nace, and the ore loses during calcination about 2 per cent^ 
of zinc. 

The calcined ore is broken up into small pieces, and mixed 
with about one-tenth of its weight of **stoeep" and one- 
half of its weight of carbonax;eous matter, as coal or coke, the 
mixture being then introduced into the series of Q-shaped 
retorts or mttffles {a a, fig. 39), measuring about 3 feet in 
length, by 1 foot 6 inches in height, and 8 inches in width, and 
each weighing, when dry, about 200 lbs. The retorts which 
are made of a mixture of Stourbridge or other good fire-clay. 
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mixed witli the powder of old pots or mnfflee freed from slag 
and vitreoua matters, are formed by hand after the manner 
described for the preparation of the Belgian retorts, and like 
them require careful annealing before use. 2^ear the upper 
extremity of the &ont end of each mufSe is attached the 
carved daj condensing tube b, at the angle or bend of which 
is placed the movable plate c, capable of removal for an ex- 
amination of the interior of the muffle and the introduction of 
the charge of ore and carbonaceous matters ; while, at the same 
end of the muffle, beneath the condensing tube, is sometimes 
placed a second opening for withdrawing tiie residues, etc., left 
in the retorts at the completion of the distillation, and which 
is loted up durixLg the conduct of the process. To the end of 
b is attached a cast-iron tube, at the extremity of which is a 
sheet-iron prolongation, which conveys the metal and products 
of distillation to a ohamber (/) below the level of the bottom, 
sad in front of, the retorts, where the zinc is collected as it con- 
denses. From 20 to 28 of these muffles are usually arranged, 



Hg. 39. — SZCTTOK TSROVOB ONB OF THB MVITLBa IS TH£ SiLESTA!! 

;imc Fdbnack. 
as Bhovn in fig. 39, in two rows, back to back, in s, rect- 
angular and nearly square furnace, the muffles resting upon 
[^tforms of brickwork built along the eides of a central fire- 
grate, and eloping slightly &om the fire towards t^e front end 
of t^ muffles; and the fireplace does not pass quite through 
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the f iimaee, bat is stopped at some distance from the bact 
The sides or faces of the furnace are divided by vertical bricks 
or tiles, on which abut small arches, into a number of equal 
rectangular and arched compartments, each holding a pair of 
muffles; and the closed extremities of the muffles are placed 
nearest the fire. In the arch k, enclosing the furnace 
chamber, is an opening (h) from each compartment or pair of 
muffles, which communicates with one of the two flues (nn) 
running along the top of the furnace, and which lead to the 
stack at the back of the furnace; or, instead of these openings 
and flues on the top of the furnace, the gases and flame from 
the fire, after circulating around the muffles, are withdrawn 
in the later Silesian furnaces through openings in the brick- 
work, on which the muffles rest, downwards into flues below, 
instead of above, as indicated in the figure; which latter 
arrangement has ^e advantage of heating ^e muffles beneath, 
as well as above— whilst, in the former method, the heat is 
applied wholly from the-top sides of the muffles. In the arch 
or roof of the furnace (^)'also are openings, closed by mov- 
able tiles, through which the workmen obtain access with 
mops and fire-clay lute, to lute up any cracks that may occur 
in the retorts during the working off of a charge. The front 
of the chambers or recesses in which the retorts are placed 
are closed during the working of the furnace by sheet-iron 
doors, each provided with a peep-hole for observing the tem- 
perature of the furnace. 

The charge for each retort or muffle averages about 103 
lbs., made up of 65 lbs. of calcined ore, 6 lbs. of sweep or 
skimmings of crude zincic oxide from the remeltings, 23 lbs. 
of finely-powdered bituminous coal, and 9 lbs. of coke; but 
the muffles near the front end of the furnace being subjected 
to a higher temperature than those in the rear, they are 
made to receive a proportionately larger weight of mate- 
rials, so that the whole of the retorts may work off their 
charge in the same time, which, including the cleaning out 
of the muffles and their preparation for receiving the suc- 
ceeding charge, occupies about 24 hours; while a retort will 
last from 8 to 12 weeks, according to the part of the furnace 
in which it is situate^ before requiring to be replaced by a 
new one. 
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When the retorts are all charged, the temperature is giadu- 
ally raised, the first effect of which is the expulsion of a little 
moisture; this is succeeded as the heat increases by carbonic 
oxide (CO) and a little zincic oxide (ZnO), accompanied by 
some finely-divided zinc; when, after about 5 hours, the tem- 
perature having gradually increased, the blue flame of carbonic 
oxide burning at the nozzle of the condensing tube becomes 
more luminous and greenish-white in colour, as described in 
the previous methods — which appearance is succeeded, after a 
short interval, as the temperature continues to rise aud attains 
to whiteness, by drops of the metal condensed in the nozzles; 
after which the distillation, if properly conducted, goes on 
tminterruptedly for about 12 hours, when the operation will 
be completed. 

Instead of the elbow-shaped condensers, with their iron 
appendages as described above, some Silesian furnaces, as at 
Stolberg, etc., have been fitted with condensing apparatus after 
the manner of the Belgian condensers, consisting of a clay 
nozzle some 2 feet in length, egg-shaped in vertical section, 
and in which is a depression or belly in the middle of its 
length; and in the lowest point of whidi is a hole from which 
the metal can be drawn off at intervals as the cavity fills; or, 
in the absence of the hole, the metal can be ladled out through 
the mouth as the cavity fills with the condensed metal. 

77. Carinthian Method of Reduction. — ^In this process, as 

formerly carried on in Carinthia and Himgary, the distilla- 
tion is " j^er descensitm" — ^the furnace consisting of an arched 
chamber, in which a large number of conical clay tubes or 
retorts are placed vertically, and with their widest end 
upwards; while at their lower ends they are fitted with 
collars which fit against each other, and so form a closed 
bottom to the furnace, supported upon a trellis -work of 
iron bars, below which is the condensing apparatus. The 
bottom of each cf these tubes is first stopped with small 
pieces of charcoal, on which is introduced the charge, con- 
sisting of calcined calamine or roasted blende, with powdered 
charcoal and lime, mixed together with a solution of wood 
ashes and common salt — ^the charge filling each tube to within 
4 inches of the top, which space is filled with charcoal, the 
tipper pieces being washed with a clay lute for closing the 
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top. The furnace is heated by the flame from a fire fed with 
wood, and the charge is worked off in from 30 to 40 hours; 
but a large loss of fuel is entailed from the necessity of cool- 
ing down the furnace before recharging after each charge is 
worked ofll 

78. Treatment of Zino Fume. — ^As already indicated there 
collects in the flues, passages, and condensing apparatus em- 
ployed in the distillation of zinc, considerable quantities of a 
grey dit8t or condensed fumey containing zincic oxide (ZnO), 
with finely-divided metallic zinc, along with arsenic and cad- 
mium, which latter, being more volatile than the zinc, pass 
over and are condensed, especially in the earlier stages of the 
process. Frequently, also, lead and iron occur as constituents 
of the fume, along with alumina (AlgOg), lime (CaO), carbo- 
naceous matters in large proportion^ and sulphuric acid in 
smaller proportions. 

This fume is either added to the smelting materials and 
returned at once to the distillatory apparatus, or, as at Blei- 
berg and elsewhere, the fume d fiVTtreated in what is 
known as the ^^M(mtefiori fumouie^^ for the separation of any 
zinc that exists in the metallic state, and the residue, after 
this treatment, being alone returned as a constituent of the 
smelting charge of the ordinary zinc furnace. The Monte- 
fiori furnaces consist of a series of vertical cylinders or tubes 
of fire-clay, each about 8 inches in diameter and closed at 
one end; these are placed vertically, with their open ends or 
mouths upwards, on the two sides of a vertical wall within 
a rectangular chamber heated by a fire placed beneath the 
level of the platform supporting the cylinders, while the 
flame and products of combustion obtain access to the cham- 
ber through apertures in the arched roof of the fireplace. 
To the bottom of each cylinder is attached a tube at right 
angles to the length of the cylinders, which tube is bell- 
mouthed inwards, and opens beyond the outer walls of the 
chamber; and when the pots or cylinders are charged with 
fume, a clay stopper or piston, fitting the cylinder, and con- 
nected with an iron bar passing through an opening in the 
fiat roof of the furnace, is placed upon the contents of each 
cylinder; so that by this means the fume is heated to the 
melting point of zinc without access of air, while pressure can 



OALVAKISED IftOlT. 181 

be applied as required to the top of the piston, whereby the 
particles of metallic zinc are melted and collected in the 
bottom of the pot, from whence it can be withdrawn by 
extracting a clay stopper placed in the lateral tube pre- 
viously mentioned. But the metal so obtained is still very 
impure, from the presence of arsenic, cadmium, etc. 

79. Separation of Lead from Zinc. — Ores of lead in larger 
or smaller quantity, frequently Ewcompany zinc ores, especially 
as plumbic carbonate in calamine, or as galena (PbS) in 
blende (ZnS), while the zinc produced from such ores not 
unusuaUy contains considerable proportions of lead, which 
it is desirable to separate as perfectiiy as possible from the 
zinc intended for rolling into sheets^ etc. ; and for this pur- 
pose, the plumbiferous zinc is subiected to a species of liqua- 
^on, in which the pigs of zinc J heated on the sloping bed 
of a reverberatory furnace to a temperature below that at 
-which the zinc will ignite, when, as the pigs melt and run 
down into the well or sump prepared at one end of the fur- 
naee bed, the lead, in virtue of its superior specific gravity, 
collects in the bottom of the well, while the zinc, larffely 
freed from lead, forms an upper layW from which the met^ 
is ladled and cast into ingots as it collects. 

80. Sheet-Zinc. — Much of the zinc of commerce is em- 
ployed in the form of sheets, and for their manufactui*e the 
pigs of zinc, as prepared at the smelting establishments, re- 
quire to be remelted in a reverberatory furnace, in the hearth 
of which is a cavity into which the melted zinc drains, and 
from which it is laded into moulds of a size and form con- 
venient for rolling into sheets. These slabs are then heated 
to about 212°r. (100°C.) or a little beyond, and are rolled 
in the rolling mill to the thickness required. 

81. Oalvanised Iron. — The commercial article known 
under this name is an iron plate coated superficially with 
zinc; the iron, as already noted, giving rigidity and strength 
to the plate, while the zinc prevents "tie corrosion or rusting 
that occurs on the exposure of sheet-iron to atmospheric 
influences; but owing to the great ease with which zinc is 
attacked by acids, galvanised iron is not adapted as a con- 
structive material where it would be exposed to acid vapours. 
In addition to plates^ the process of galvanising is applied to 
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chains, links, and other articles requiring to be protected from 
corrosion; the coating of zinc being also rendered more firmly- 
adherent if the articles of iron be first coated with a layer of 
tin after the usual manner of tinning. 

The coating of zinc was originally deposited upon the sur- 
face of the iron by galvanic agency, and hence the name; 
but this method has given place to the more simple method 
of coating the cleaned surface of iron by simple immersion 
in a bath of melted zinc, the surface of the latter being kept 
covered with sal-ammoniac (NH^Cl) in order to prevent oxida- 
tion, and at the same time to dissolve any zincic oxide that 
may be formed; and by this treatment the plate is covered 
wi^ a thin, firmly adherent coating of metallic zinc, while a 
definite alloy of zinc and iron probably exists along the line 
of junction of the two metals. The bath of zinc in which 
the operation is performed becomes gradually impure from 
the presence of iron, small proportions of which are dis- 
solved by molten zinc, and its effect is to render the metal 
less .fusible, brittle, and hard. Th^ ferriferous alloy collects 
in pasty masses at the bottom of the bath as the proportion 
of iron increases, and it may be largely separated by the use 
of a perforated ladle. The ferriferous zinc thus separated is 
less lustrous than the p\ire metal, presents a somewhat scaly 
aspect on fracture, and exhibits numbers of grey or black 
spots throughout its fractured surface. The zinc is in a great 
measure recovered from this alloy by a special distillation. 

Galvanising of the iron wire, such as is employed for 
fencing, signal wires, eta, is performed with great rapidity, 
the rolled wire being annealed at the same operation; and 
for this purpose the rolled wire is drawn through a furnace 
of sufficient length, that the wire in its passage through it is 
heated to redness, while the heated wire, as it passes out from 
the furnace, is directed by guide pulleys through a reservoir 
of dilute sulphuric acid (pickle), which has the effect of 
clearing off any scale, and on leaving the pickle it passes 
through a quantity of sand, whereby the wire is obtained 
with a clean metallic surface for the action of the bath of 
metallic zinc into which the wire is next introduced. In 
this manner, while one end of the iron wire is still passing 
through the furnace for annealing, the other extremity is at 
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the same time being wound on to a drum in its galvanised 
or zinc-coated state. 



ALLOTS OP ZINC AND COPPEfi. 

Copper, when alloyed with zinc in various proportions, 
gives rise to a large nimiber of important bodies, which are 
of extensive application in the arts; but of these the most 
important are brass and Muntz^s metal. Other alloys, formed 
by the union of these metals, are Tombac, consisting of 84 
parts of copper with 16 of zinc; Pinchbeck (3 parts of copper 
to 1 of zinc); Princes^ metal (5 parts of copper to 1 of zinc); 
ManrJieim gold, only another variety of Pinchbeck; Bath 
metal contains copper, and about 22 per cent, of zinc ; but 
the exact composition of these latter alloys is exceedingly 
various, and the different names are applied by various 
authors to alloys having the same composition. 

The alloys of copper and zinc range in colour between 
copper-red, reddish-yellow, yellow, and bluish or greyish- 
white, according to the proportion of zinc contained in the 
alloy, paleness of tint attending an increase in the proportion 
of zinc employed. They are homogeneous, generally brittle 
at a red heat, and require more frequent annealing while being 
hammered or rolled into sheets, etc., than does pure copper; 
while an excess of zinc in the alloys renders them brittle at 
all temperatures, and with the increase in its proportion the 
melting point and specific gravity of the alloy are lowered, 
thus a brass containing 25 per cent, of zinc melts at 954 '4° 0. 
(1750°F.). Aich^Sy sterro, and Gedge's metal are varieties of 
brass containing, in addition to copper and zinc, small pro- 
portions of iron, while sterro-metal contains tin in addition. 

82. Brass. — ^This name is applied to most yellow alloys of 
copper and zinc, but ordinary brass is an alloy consisting of 
2 parts of copper with 1 part of zinc, when it is almost 
golden-yellow in colour, is harder than copper, and accord- 
ingly resists wear better, is very malleable and ductile, any 
proportion between 50 and 37 per cent, of zinc alloyed with 
copper affording a brass which is sufficiently malleable to roll 
into good sheets; but the metal is hardened by hammering or 
rolling, and requires to be frequently annealed during these 
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processes to prevent its cracking at the edges; it can be 
drawn out into very fine wire, but at a red heat it is very- 
brittle. The fractured surface of an ingot broken while hot is 
coarsely fibrous, while if broken cold the same ingot exhibits 
a finely granular fracture. Brass is rapidly tarnished by ex- 
posure to atmospheric influences, though it is not so r^tdily 
tarnished and blackened as copper, and, by continued exposure 
to vibration, a crystalline structure is induced in the alloy 
whereby considerable brittleness results. It may be readily 
stamped or cast into a variety of ornamental forms; it has also 
an extensive application for castings used by the engineer, 
etc., since it yields a much more close and compact casting 
than copper, and thus forms a material resisting wear much 
better than the latter. Ornaments made of brass are capable 
of receiving a rich dead yellow surface by treatment with 
dilute nitric acid, the immersed article being allowed to 
remain in the acid {dipping liquid) until the adherent scale 
is readily rubbed off, when l3ie brass, after washing with 
water, is then introduced into nitric acid a little stronger than 
the last, and in which it remains until the surface presents 
a white or creamy appearance, from the presence of aidherent 
bubbles of gas; after again washing in water and roughly 
drying in sawdust, the articles are immersed for a few seconds 
in strong nitric acid, after which they are washed in water 
containing a little cream of ta/rtar or argolf and are finaUy 
dried in hot sawdust. 

The addition of about 2 per cent, of lead is made to brass 
intended for rolling, filing, or working in the lathe, but its 
tenacity or adaptability for wire -drawing is diminished 
thereby; wMle for engraving purposes its hardness is in- 
creased by the addition of a small proportion of tin. Iron is 
objectionable in brass, since it increases the hardness and 
impairs the lustre, tenacity, and malleability of the alloy. 
The alloy known as " Dutch metal " is a variety of brass con- 
taining a larger proportion of copper than the ordinary alloy, 
and which is capable of being hammered into leaf of less than 
" B 0.0 00^ ^ ^^ ^^ ^^^ ^ thickness, in which form it is em- 
ployed instead of gold leaf for the gilding of cheap articles. 
A common variety of brass contains equal parts of its two 
constituents, copper and zinc. 
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63. Calamine Brass. — The variety of brass known as 
"calcMmne brass" since '* calamine'' (zincic carbonate) was 
employed in its production, instead of metallic zinc as now 
generally adopted, was for a long time looked upon as a 
superior variety of the alloy, and the process of ^'' cementa- 
tion" by which it was produced constituted the only method 
employed for the manufacture of brass; but at the present 
time few, if any, furnaces now occur in England in which 
calamine brass is produced. 

The furnace employed in the preparation of calamine brass 
consists of a circular iire-brick chamber, contracted at the top 
to about one-third of the greatest diameter of the furnace; 
while the bottom of the furnace is formed of a cast-iron plate 
with 12 circular holes arranged symmetrically around a cen- 
tral and somewhat larger hole, the latter serving to rake out 
the ashes and clinker into the ash-pit below. To each of the 
smaller holes is applied a cast-iron conical tube or twyer about 
6 inches in height, and the space between these several cones 
is then filled up to the level of their upper edges with fire-brick 
and fire-clay. The floor thus prepared constitutes the furnace 
bottom upon which are placed the pots or crucibles in which 
the charge is melted, the conical twyers above mentioned 
serving as air-holes for the introduction of air from without 
to the interior of the chamber for the combustion of the fuel 
in the furnace, while the circular aperture in the top serves 
as the chimney for the furnace, and is kept more or less 
closed, as required during the operation, by a movable plate 
or tile placed above it. Several of these furnaces are usually 
built together, and over such a group is raised a chamber or 
dome of brickwork resembling the ordinary glass furnace. 

The cnicibles in which the brass is melted are arranged 
concentrically around a central or king-pot, the latter being 
sometimes larger than the rest, and capable of holding about 
120 lbs. of metal, while the other pots only hold about 84 lbs. 
each. 

The mixture with which the pots are charged consists of 
100 lbs. of calamine or blende, previously ground fine and 
calcined sweety together with 40 lbs. of ground coal; which 
ingredients, upon intimate mixture, are passed through a 
sieve of 8 holes to the inch, after which it is damped and 



186 METALLURGt. 

passed throogli a sieve of only 4 holes to the inch, when it 
is finally mixed with about 66 lbs. of becx/nshot copper, and 
is ready for charging into the crucibles. 

The crucibles, already at a red heat from a previous operar 
tion, are lightly charged with the above mixture, the mouths 
of l^e crucibles being then closed by placing across them 
large pieces of coal, while the smaller pieces of fuel are put 
around and between the sides of the several pots, care being 
taken to keep the air-holes in the bottom of the furnace well 
open. The cover is now placed partially over the mouth of 
the furnace, when the coal undergoes, during the first stage, 
a process of coking, upon the completion of which the cover 
is placed further over the furnace mouth for a short time. 
The heat is now gradually raised by a proper regulation of 
the draught, efiected by withdrawing the cover as required 
from the mouth of the furnace, and, in about ten hours, the 
zinc will have been reduced from the calamine and alloyed 
with the copper, upon which the pots and their contents 
are ready for withdrawal. Por this purpose the central or 
king-pot is usually first taken out, after which the side pots are 
successively withdrawn, and the contents of each, after well 
stirring with an iron rod, are emptied into the king-pot, and 
the crucible at once reinserted into the furnace for a repeti- 
tion of the process, which thus goes on continuously as long 
as required. The brass is thus collected in the king-pot, 
which is then skimmed to clear it from dross, etc., and the 
metal poured therefrom into moulds suitable for the purposes 
to which it is to be applied. 

84. Direct Preparation of Brass. — ^This method is either 
conducted in black-lead crucibles, heated in small furnaces 
similar to the steel-melting furnaces, P, page 162, Vol. I,, or 
the metals are melted upon the hearth of a reverberatory 
furnace; the latter method being applied more especially to 
the preparation of the various yellow metals, employed as 
sheathing, etc., and the manner of its conduct is described 
in the ensuing article upon Mimtz's metal. 

In the direct preparation of brass, the copper is first intro- 
duced into the crucible and carefully melted, keeping the 
heat only just sufficient to maintain ijie copper in a state of 
fusion; and^ when in this condition^ the required proportion 
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ot zinc, after allowing for the loss which always occurs from 
volatilization, is cautiously added to the molten copper. But 
since it generally occurs in practice that it is desirable to 
utilise a proportion of old brass, this latter, to the extent 
of about one-third the charge, is first introduced into the 
crucibles, and upon this is placed alternate layers of zinc, 
copper, and powdered charcoal, always completing the charge 
with a layer of the latter, for the charcoal serves to reduce any 
oxide that may be formed by oxidation during the melting. 
The furnace is then supplied with coke, and in about four 
hours the charge will be melted and the alloy ready for cast- 
ing; and for this purpose the metal is skimmed and then 
poured into the required moulds: if for slabs intended 
for rolling, the moulds are of cast-iron, and are previously 
warmed, and the surface dusted over with charcoal; while 
sand moulds are employed in the production of brass cast- 
ings, such as are required by the euffineer, etc. When brass 
is^y a^d at a s^table temperatuTfor pouring, its surfa.«, 
on withdrawing froin the furnace, emits a bluisH-white lam- 
bent flame, due to the slight waste of zinc going on at the 
surface of the alloy at this temperature; and the quality of 
brass castings depends much upon the temperature at which 
they are cast. 

85. Muntz's Metal. — This is a variety of brass which 
presents a finely granular fracture, and admits of being rolled 
at a red heat; it is extensively applied to the sheathing of 
ships, etc., since it is said to keep a cleaner surface than 
copper sheathing. Muntz's metal or yellow sheathing is 
described in the original specification as consisting of three 
parts of copper to two of zinc, and thus differs from ordinary 
brass in containing a larger proportion of zinc, while it is 
now the usual practice to add about one per cent, of lead to 
the aUoy; and the nails or bolts employed in fastening it 
down are made a little harder by the addition of tin, such 
bolts having, according to Dr. Percy, a composition consisting 
of 86*82 per cent, of copper, with 3'88 per cent, of zinc, and 
9*30 per cent, of tin. 

The preparation of Muntz's metal may be conducted in the 
ordinary crucibles employed in brassfounding; but it is now 
more generally made in reverberatory furnaces, the copper 
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being first introduced and melted, when the required amount 
of zinc is gradually added, and the two metals thoroughly 
incorporated. When the requisite amount of zinc is supposed 
to have been added, test or tnieJ samples (proofs) are taken from 
the furnace and hammered or rolled while hot, and afterwards 
broken, in order to judge of the condition of the metal from 
the appearance of its fracture; and from the appearance of 
this tnal specimen more zinc is added, as may be required, 
until the trial piece indicates the proper condition, when the 
alloy is tapped out into a ladle lined with clay, from which it 
is laded into suitable ingot moulds. 

The exact proportion of zinc cannot be at once added to 
the charge, since the loss by volatilization is considerable, 
and also very variable, and hence the necessity of determin- 
ing the condition of the metal by actual trial pieces taken 
from the bath; while this uncertainty is further increased by 
the addition to the charge of old sheathing and yellow metal, 
which likewise loses a proportion of its zinc during the fusion. 

In the neighbourhood of Swansea, etc., yellow or Muntz's 
metal is manufactured by melting the copper on the bed of a 
reverberatory furnace, while the zinc is melted separately in 
a small kettle at the end of the furnace, heated by the waste 
heat from the furnace; and when both metals are ready for 
mixture, the zinc is laded into a receptacle in front of the 
furnace, into which the copper is then tapped, the incorpora- 
tion and alloying of the two being attended with an abundant 
escape of white fumes of zincic oxide with a consequent loss 
of zinc, which loss is stated, however, to be less than when 
the mixture is effected by introducing both metals into the 
furnace. 

Sheets of Muntz's metal are annealed after rolling, and 
then immersed in a pickle of dilute sulphuric acid for the 
removal of the scale and oxide of copper thus formed, after 
which they are scoured with sand, and then washed and 
dried before packing for the market. 



CHAPTER IV. 
MERCURY. 

.86. Physical and Chemical Properties. — This metal, 

known also as quicksilver, has an almost silver-white colour, 
is tasteless and inodorous when pure, possesses a strong 
metallic lustre, and constitutes the only metal which, at 
ordinary temperatures, exists in the liquid state ; but unlike 
ordinary liquids, it runs off without wetting ordinary non- 
metallic surfaces, while with many metallic surfaces the 
mercury unites with the metal, aud deposits a film of an 
amalgam upon it. At a temperature of — 39 -44° 0. (Hutchins), 
it solidifies with considerable contraction in volume, to a tin- 
white, ductile, and malleable mass, that may be beaten out 
with the hammer, cut by the knife, and even welded, while 
its fracture under these conditions is distinctly granular in 
appearance; and at a temperature variously estimated at 
between 346°C. and 360*^0. (654-4°F. and 680°F.), the metal 
boils and assumes the form of a colourless vapour; various 
experiments have also shown that the metal is more or less 
volatile, either in air or vacuo, at all ordinary temperatures. 
The density of mercury varies much with the temperature, 
owing to its high co-efficient of expansion for heat; while the 
regularity of this expansion for equal increments of heat 
between certain limits, as from 0°C. to 100° 0. (32'' F. to 
212°F.), renders it peculiarly well fitted for the construction 
of thermometers or instruments for registering the sensible 
heat of bodies, the increment of its expansion for each degree • 
Fahrenheit corresponding to '00011 (Dalton) of its bulk at 
32°F. ; the density of the metal at 4® C. is given by Regnault as 
13*596, and the density of mercury vapour referred to air as 
unity is 6*7 (Brineau), though theoretically its vapour density 
would be 6-933. The specific heat of this metal is *03332 in 
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the liquid state, or *03192 when in the solid state. Mercury 
is unaffected by exposure to air, oxygen, hydrogen, nitrogen, 
nitrous or nitric oxide, carbonic anhydride, or alcohol, and 
the first-mentioned thus forms a ready method of detecting 
any considerable amount of impurities in the commercial 
metal, since, on briskly shaking a quantity of mercury in a 
flask of air or oxygen, the baser metals are oxidized and 
form a grey pellicle upon the surface of the mercury, or if 
present in considerable proportion the oxides mixing with 
the metal reduce the whole to a grey pulverulent mass. By 
agitating or rubbing mercury with water, ether, sugar, or 
fatty matters, the metal loses its metallic lustre and appear- 
ance, or is deadened, and the whole is converted into a grey 
mass, or powder, of minute globules of mercury, between 
which are interposed strata or films of the fatty or other 
matters, so as to obscure from the eye the metallic character 
of the mercury mixed in the mass. If mercury be main- 
tained in contact with the atmosphere at a temperature just 
above its boiling point, the metal is slowly oxicfized to mer- 
curic oxide. Mercury also readily combines with gold, silver^ 
tin, lead, bismuth, cadmium, and zinc, but not so readily with 
iron or copper, yielding thereby an interesting class of bodies 
known as amalgams; and its application for the amalgamation 
of gold and silver in the extraction of these metals, will be 
treated of in the chapters on these metal& Mercury does 
not decompose water, but Wiggers and others state timt the 
metal is dissolved to a small extent upon continuous boiling 
with water; and with chlorine, bromine, iodine, or sulphur^ 
the metal may be directly combined at ordinary temperatures. 
Hydrochloric a^dd is without action upon mercury, even when 
the concentrated acid is heated with the metal; hnt nitric 
acid dissolves it, with the evolution of nitric oxide, and the 
formation of mercuric or mercurous nitrate, according to the 
proportion and concentration of the acid employed; while the 
metal is scarcely affected by dilute svlphuric acid in the cold, 
but if the concentrated acid be heated with mercury, then 
sulphurous anhydride is copiously evolved, and mercurio 
sulphate is formed. Thus — 

Hg + 2H9SO4 = HgSO* + 2HaO + SO;". 
As already stated, mercury and chlorine unite at the ordinary 
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femperature, l)ut their union is much more rapid at the 
volatilising point of the metal. All the compounds of mer- 
cury are either decomposed or volatilised by heat, and all 
yield metallic mercury on fusion with sodic carbonate. 

The commercial metal, unless specially purified, is frequently 
contaminated with small quantities of the volatile metals, 
zinc and bismuth, which are sometimes associated with the 
ores of mercury, and distil over with the latter in its extrac- 
tion; while lead, antimony, tin, and bismuth, are also added 
as adulterations of the metal, but the comparative purity of 
the metal is readily observed by allowing a drop of it to run 
down, an inclined surface, when it ought to roll as a perfect 
sphere, and not elongate or drag a tail behind it; or on shak- 
ing in a bottle or flask, along with air or oxygen, it should 
retain its metallic lustre unimpaired, and without the depo- 
sition of any grey or black powder, while further, when 
dissolved in nitric acid, and the solution evaporated to dry- 
ness and ignited, the metal, if pure, leaves no residue of 
oxide. The atomic weight of mercury is 200, and its 
chemical symbol Hg (Hydrargyrum). 

The chief applications of mercury are in the amalgamation 
processes for the separation of gold and silver from their ores, 
or the gangue with which they are mixed; in the construc- 
tion of barometers, thermometers, and other philosophical 
instruments; and for the purposes of gilding, plating, etc.; 
while the metal and its compounds are of considerable appli- 
cation in pharmacy and anatomy. 

87. Water Oilding. — Before the introduction of the pro- 
cess of electro-plating or electro-gilding, it was the practice 
to gild ornamental articles of copper, bronze, etc., by a pro- 
cess known as wtxter or wash-gilding; a process depending 
upon the facility with which gold may be amalgamated or 
dissolved in merciuy, and the ready manner in which the 
latter metal is subsequently expelled upon the application of 
heat, so that bodies whose surfaces have been suitably pre- 
pared and coated with the gold amalgam, and afterwards 
gently heated, are thus left coated with a thin adherent film 
of gold, the mercury having been driven off by the heat. For 
the purposes of water-gilding, the gold amalgam is first pre- 
pared by very gently heating some 6 or 8 parts of mercury 
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with one of gold, whereby a fluid amalgam is obtained which 
yields, on pressure and filtration through wash-leather, a 
pasty mass or amalgam containing about 2 parts of mercury 
to 1 of gold, the excess of mercury having been expelled by 
the pressure, and this resulting amalgam is the one employed 
in gilding; but, before its application, the surface of the object 
to be gilded requires to be thoroughly cleaned, and for this 
purpose it is first heated to redness in a charcoal fire, then 
plunged into dilute sulphuric acid, rubbed with a hard brush, 
and washed with water, occasionally also being afterwards 
immersed for a few minutes in strong nitric acid, when it is 
again wBshed and dried. The surface thus cleansed is then 
amalgamated or coated with a film of mercury, by rubbing 
or washing it with a solution of mercurous nitrate, after 
which the gold amalgam is applied by pressing or rubbing 
the article upon the pasty amalgam, which thus attaches 
itself to the prepared surface. The article is then washed, 
and the mercury expelled by heating over a charcoal fire, 
the surface being kept uniformly coated during this opera- 
tion by a continued rotation and brushing with a soft brush, 
the heating being continued until the surface assumes a dull 
yellow colour, when the article is removed and polished upon 
a revolving brush slightly damped with vinegar, or upon a 
wet burnisher of haematite. A mixture of bees'-wax, red- 
ochre, cupric acetate (verdigris), and alum is then applied for 
the removal of the last traces of mercury remaining on the 
surface, and at the same time to impart a redder shade to the 
surface ; after which the article is burnished, washed with 
dilute nitric acid, then with water, and finally dried. 

88. Silvering of Mirrors. — ^The silvering of mirrors, re- 
flectors, etc., is effected by coating one surface of the glass 
plate with an amalgam of tin and mercury containing about 
20 per cent, of the latter. The silvering is effected by first 
carefully covering the surface of a perfectly smooth slab or 
stone, somewhat larger than the size of the plate to be 
silvered, with a sheet of tin-foil, taking care to remove all 
creases therefrom, and to expel all air bubbles from beneath 
the tin by carefully smoothing it over with a brush, while 
around the slab or table is placed a gutter or channel for 
collecting the excess of mercury as it runs off; and the table 
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itself is swivelled upon an axis, so that it can be inclined 
at any angle with the vertical by actuating a screw. The 
table is now placed perfectly horizontal, and the tin-foil is 
amalgamated with mercury by pouring a small quantity of 
the latter upon the surface of the tin, over which it is spread 
by means of a piece of flannel; upon this surface is then 
poured a very thin layer of mercury, after which the plate 
of glass, perfectly clean and dry, is very carefully pushed 
forward from one edge across the table, so as to prevent 
any air getting between the amalgam and the glass, and at 
the same time the plate carries before it the superfluous 
mercury; after slightiy inclining the table to drain off the 
excess of mercury, a series of heavy weights are placed upon 
a blanket covering the plate, and it is allowed to stand t^us 
weighted for about 24 hours, after which the inclination of 
the table is gradually increased from day to day so as to 
drain away the mercury, ^fber the weights have been re- 
moved, the silvered plate is placed upon a sloping table, the 
upper edge of which is gradually raised until the table 
attains to the vertical position. 

89. Mercury and Oxygen. — ^These elements yield by com- 
bination two oxides known as the mercurous and mercuric 
oxides respectively. 

Mercurous oxide (HggO), known also as the black oxide, 
is an unstable body obtained as a brown-black, inodorous, 
and tasteless powder on the addition of an excess of caustic 
potash to a solution of a mercurous salt; or by treating 
finely-powdered calomel (HggClg) suspended in water with 
an excess of the same re-agent; in either case the precipitate 
requires well and careful washing to free it from potash, 
which washing must be accomplished in the dark, since this 
oxide is resolved into mercuric oxide (HgO), and metallic 
mercury on exposure to sunlight. Mercurous oxide is in- 
soluble in water, and is resolved into its elements on 
heating to redness; it forms a detonating mixture with phos- 
phorus, and it is decomposed on treatment with phosphorous 
acid, phosphuretted hydrogen, or when boiled with an aqueous 
solution of potassic iodide, in each case yielding metallic mer- 
cury. It is soluble in acids, producing thereby a series of 
mercurous salts. 

19—11. N 
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3fercu7%c oxide, or red oxide of mercury (HgO), is the 
most important oxide of mercury; it is produced when mer- 
cury is heated to its boiling point, and exposed for a consider- 
able time to the influence of atmospheric air or oxygen, care 
being taken that the temperature be not raised sufficiently high 
to again decompose the oxide; it is also prepared by heating 
mercurous or mercuric nitrate at a gradually increasing tem- 
perature, until nitrous fumes cease to be evolved; cr in the 
wet way by adding an excess of potash to a mercuric salt, 
and afterwards carefully washing the precipitate. Mercuric 
oxide varies somewhat in physical characters according to 
its mode of preparation, but, as generally occurring, it is a 
crystalline, granular, or scaly powder of a bright or brick-red 
coloiu", changing to yellow on pulverization, the tint decreas- 
ing in intensity with the fineness of the powder; while the 
precipitated oxide is of an orange yellow colour. This oxide 
has a disagreeable metallic taste, is highly poisonous, and is 
but very slightly soluble in water. On gently heating, its 
colour changes to vermillion red and then to black, recover- 
ing its original colour on cooling; but by exposure to a red 
heat it is resolved into oxygen and the vapour of mercury, 
which latter condenses in the cool part of the apparatus, and 
is partially reoxidized by the heated oxygen. Chlorine decom- 
poses this oxide at a red heat, with the evolution of oxygen 
and the production of mercuric chloride, but at a lower tem- 
perature hypochlorous acid and mercuric chloride are pro- 
duced. It is reduced to mercurous oxide by ferrous salts or 
ferric hydrate, and is soluble in acids, producing thereby a 
class of mercuric salts. The commercial oxide is frequently 
contaminated and adulterated with basic mercuric nitrate, 
cinnabary brich-dnstf minium or red-lead, or with nitre, 

90. Mercury and Sulphur. — Mercury forms two com- 
poimds with sulphur, known as mercurous and mercuric sul- 
phides respectively; llie former, obtained as a black precipitate 
when sulphuretted hydrogen or ammonic sulphide is passed 
into a solution of a mercurous salt, is not of metallurgical 
importance. 

Mercuric sulphide (HgS) is metallurgically the most im- 
portant compound of mercury. As native cinnabar it con- 
stitutes the chief ore of the metal, and the pigment knowii 
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as vermiUion is a crystalline form of the same body 
obtained commercially by the sublimation of the amorphous 
substance. When mercury and sulphur are rubbed together 
for a considerable time, there results a black powder, con- 
stituting the amorphous variety of mercuric sulphide; and 
this, if heated in a closed vessel, yields a crystalline sublimate 
of a red colour (cinnabar), which, if again pulverised, produces 
a dirty red powder; while the black amorphous sulphide is 
also precipitated on the addition of an excess of sulphuretted 
hydrogen to a solution of a mercuric salt, which precipitate 
on drying, and subliming as before, again yields cinnabar. 

The Vermillion of commerce varies much in tint and purity 
of colour, slight differences in the details of its manufacture 
impairing or improving its colour, and hence the products of 
certain localities are especially prized: thus the vermillion 
imported from China, Holland, etc., is of superior quality. 
The method of preparation of the last-mentioned vaiiety, as 
pursued at Amisterdam, consists in gradually adding about 
370 lbs. of mercury to 50 lbs. of sulphur kept melted in an 
iron pot, the mixture being effected by careful stirring with 
an iron spatula, after which the fused charge, consisting of 
mercurous and mercuric sulphides with an excess of sulphur, 
is poured on to an iron plate, then broken up on cooling, and 
distributed among a number of small jars, each capable of 
holding about 1^ lb. The product is then sublimed in earthen 
vessels, about four feet in height, closed at their lower ends, 
and glazed on the inside, of which three are placed in a fur- 
nace constructed so that the flame plays around and heats the 
cylinders to about two-thirds of their height; when the lower 
ends of the cylinders have thus attained to redness, the con- 
tents of one of the small jars previously mentioned is thrown 
into each vessel, an operation attended with the inflammation 
and volatilization of the excess of sulphur, the flame, on the 
introduction of each fresh portion, rising for a short time to 
a considerable height above the mouths of the jars, and upon 
the subsidence of which, a smooth cast-iron plate is placed 
upon the mouth of each vessel for a short time, before the 
addition of the contents of another small jar, the emptying 
of the jars in this manner continuing for from 30 to 36 hours. 
When the cylinders have received their full charge they are 
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covered over, and the beat maintained during a further period 
of 36 hours, occasional stirring of the mass \>eiag effected 
with a bar introduced through an aperture in the covering; 
and the sublimate of cinnabar collected on the cover plates, 
after the addition of each jar to the cylinder, is detached as 
it collects; while at the conclusion of the process, the cylinders 
are withdrawn from the furnace, broken up, and the cinnabar 
collected aroimd their upper portions is detached, and, along 
with that from the covers, then requires to be ground, sifted, 
washed and dried, to fit it for the market. The Chinese 
method^ of preparation consists in subliming in an earthen 
vessel a mixture of one part of sulphur with four parts of 
mercury, the vessel being covered with an iron plate, kept 
moist and luted on. The heat is continued for some 24 hours, 
upon which the vessel is broken up after cooling, and the 
purer separated from the inferior portions of the sublimate, 
the purer portions being pounded and sifted into a large 
vessel containing water, when a scum rises to the surface, 
which is poured off along with the water. 'tUhe washing is 
twice repeated, when the sediment or residue in the bottom 
requires drying, and is then ready for sale. 

Various wet methods are also described for the preparation 
of Vermillion : thus the black sulphide obtained by the precipi- 
tation of a salt of mercury with sulphuretted hydrogen, is 
converted into the red variety by heating it with an a&aline 
persulphide; the same product likewise results on treating 
the black powder produced by the trituration of sulphur with 
mercury, with a solution of potash, and heating at a carefully 
regulated temperature of from 45° C. to 50° C. during several 
hours, then washing, and separating any metallic mercury by 
levigation. 

Mercv/ric sulphide, or cinnaha/r, may be obtained crystallised 
in forms of the hexagonal system. It is transparent, of a 
cochineal red colour with a scarlet powder, which, by heating 
in a retort, or out of contact with the atmosphere, becomes 
brown and then black, again recovering its scarlet colour on 
cooling if the heat has not been too long continued; but in 
contact with the air the sulphide burns with a bluish flame, 
yielding sulphurous anhydride and metallic mercury. Nitric 

• N, Edinburgh Journal of Science, 
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acid has only a feeble action upon it in the cold, while aqua- 
regia attacks it vigorously with the production of mercuric 
chloride (HgClg). If heated with charcoal, iron, tin, anti- 
mony, or several other metals, it yields metallic mercury; 
caustic alkalies, alkaline carbonates, and lime also liberate 
mercuiy at a red heat, with the formation, in the case of the 
latter, of a calcic sulphide and sulphate, thus — 

4HgS + 4CaO = 4Hg + 3CaS + CaSO*. 

It is also reduced by heating in hydrogen, with the libera- 
tion of sulphuretted hydrogen. The commercial varieties of 
this compound are fi^quently adulterated with brick-dust, 
ferric oxide, red-lead, etc. 

91. Mercury and Chlorine. — These elements combine 
slowly at the ordinary temperature, but more rapidly under 
the influence of heat, combining in two proportions, yielding' 
thereby a merciirous and mercuric chloride respectively. 

Mercurous chloride (HggClg), known also as calomel, is a 
white, tasteless, inodorous, and heavy powder, becoming dark 
grey on exposure to light, and acquiring a yellow tint on the 
application of heat; it volatilises below redness without pre- 
vious fusion, and is practically insoluble in water. It is of 
extensive application in medicine. Mercurous chloride may 
be prepared by a variety of both dry and wet methods; it 
results on the trituration of fonr parts of corrosive sublimate 
(HgClg) with three parts of mercury, the rubbing being con- 
tinued until the mercury entirely disappears ; while the process 
is facilitated by moistening the mixture with water or alcohol, 
but the product so obtained requires sublimation, with subse- 
quent pulverization and washing with hot water, to entirely 
free it from the mercuric chloride which may have sublimed 
along with it. The dry method, more usually adopted for its 
preparation, consists in subliming a mixture of equal parts of 
mercurous sulphate and common salt, when double decompo- 
sition occurs, with the production of sodic sulphate and mer- 
curous chloride, according to the following equation — 
Hg^SO* +2NaCl=Na,S0^ +Hg,Cla ; 

but according to whichever method prepared, it still requires 
careful washing with warm water, or a little alcohol, to free it 
from other and soluble mercurial compounds with which the 
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sublimate is contaminated. Mercurons cMoride may be pro- 
duced in the wet way by precipitating a mercurous salt with 
a soluble chloride, or by dissolving mercurous oxide in hydro- 
chloric acid. * 

Mercuric chloride (HgClg), or corrosive svhlimate^ is a white 
or colourless, translucent, crystalline body, possessing a dis- 
agreeable metallic taste ; it is more volatile than the mercurous 
chloride, and is soluble in water, alcohol, and ether. It is a 
very powerful poison; it is decomposed upon heating with 
a/raeniCy cmti/monyj bismuth, zmc, tin, lead, iron, or copper, 
with the production of mercurous chloride (HggClg) and mer- 
cury, or an amalgam of mercury with the excess of the other 
metal, along with a chloride of the metal employed; thus if 
antimony be employed, the products are antimonious chloride 
and metallic mercury; and tin heated with mercuric chloride 
yields a sublimate of stannic chloride, and a residue of mer- 
curous chloride with stannous chloride. 

Mercuric chloride occurs native, but may be prepared arti- 
ficially by heatiDg mercury in an excess of chlorine gas, by 
dissolving merctiric oxide in hydrochloric acid, or, a3 is more 
general on the large scale, by the decomposition of mercuric 
sulphate, by heating it in admixture with an equal amount 
of common salt at a gradually increasing temperature, when 
the mercuric chloride sublimes and condenses in the cool part 
of the apparatus, according to the following formula^ — 

HgSO* +2NaCl=NaaS04 +Hgaa ; 

while to prevent the formation and sublimation at the same 
time of a small proportion of mercurous chloride (HggClg) 
(calomel), a little peroxide of manganese is added to the mix- 
ture, or a mixture of mercury, sodic chloride, peroxide of 
manganese and water, may be triturated together and subse- 
quently subjected to heat, when mercuric chloride sublimes, 
and the sulphates of soda and manganese remain behiad; thus, 

Hg + 2NaCl + MnOs + 2H3SO4 = HgClg + NagSO* + MnSO^ + 2H,0. 

This compound also results when mercuric oxide is dissolved 
in hot hydrochloric acid, the crystals of mercuric chloride 
separating as the solution cools. This salt is extensively 
used foir ^e preservation of anatomical specimens, and wood 
is sometimes soaked in an aqueous solution of this salt to 
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pirevent its rotting in situations where its surface cannot be 
protected by paint, etc. 

92. Amalgams. — Mercury unites with most of the metals 
if brought into contact with them, especially if the metals 
be in a fine state of division, the union sometimes, as with 
potaasiwnhy sodium, bismuth, cadmium, tin, zinc, etc., occurring 
at the ordinary temperature, while other metals require the 
assistance of heat, and the bodies resulting from the union of 
mercury with another metal constitute a somewhat extensive 
series of bodies designated " amalgams^* some of which are 
of extensive application in the arts. To such belong the 
amalgams of mercury and tin employed in the silvering of 
mirrors; mercury with gold and silver employed in gilding, 
and the amalgam with tin, gold, and silver used in dentistry. 
The amalgams exist sometimes in the fluid state, at others 
they assume the solid form, but generally the liquid amalgam 
is but a solution of the solid and more definite combination 
of mercury and another metal, in an excess of mercury, which 
excess can be frequently separated by simple pressure through 
chamois leather, the solid amalgam left thereby in many cases 
appearing to have a definite atomic composition; and this 
has led to the consideration of the true solid amalgam as hav- 
ing an atomic chemical constitution, in which however, the 
chemical affinities between its constituent metals are only 
very feeble. The amalgamation of silver or copper is attended 
with considerable diminution in bulk, but generally the union 
is accompanied by little or no diminution in volume. The 
consideration and description of the amalgams produced by 
mercury, with the metals antimony, bismuth, and platinum, 
are treated of in Vol. I. 

The amalgamation of mercufy with iron cannot be rjBadily 
and directly effected; but by introducing sodium amalgam, 
containing one per cent, of sodium, into a clear saturated 
solution of ferrous sulphate, a viscid amalgam is obtained, 
which, in small globules, is attracted by the magnet. 

Sodium combines with mercury readily at the ordinary 
temperature, the union being attended with the production 
of heat, light, and a hissing sound. The amalgam may be 
prepared by the trituration of the two metals in a dry mortar 
fitted with a cover. When the amalgam contains about 30 
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parts of mercuty to 1 of sodium, it forms a compound wluck 
is lif^uid at a moderate heat, but at the ordinary temperature 
yields a granular, tolerably hard solid, which may be filed 
into a powder, while with one per cent, of sodium it is viscid, 
and consists of a solid and liquid portion. This amalgam 
is employed as a medium for effecting the amalgamation of 
iron, platinum, etc. ; it is also exported for the amalgamation 
of gold and silver, in which application it is said to &cilitate 
the amalgamation, and to prevent ^(mrirz^ of the mercury. 

An amalgam of copper results when copper-fbil is intro- 
duced into a solution of mercuric nitrate; upon triturating 
mercury with common salt and cupric sulphate; by treating 
a solution of cupric sulphate with sodium amalgam, and in a 
variety of other ways. This amalgam possesses the peculiar 
property, that, when left to itself for a few hours, it hardens, 
so that it may be pulverised, while its pasty and elastic 
character can be again restored by continued kneading or 
pounding of the amalgam, although its density remains the 
same both in the hard and soft states. 

Zinc is slowly amalgamated with mercury by triturating 
zinc filings with mercury at the ordinary temperature, but 
the combination is effected most readily if the temperature 
be raised, the amalgamation of these metals being usually 
effected by pouring a fine stream of mercury into zinc melted 
at the lowest possible temperature, while keeping the melted 
metal constantly stirred. The amalgam of these metals, con- 
taining about 20 per cent, of mercury, is sometimes employed 
for coating the rubbers of electrical machines. It is a tin-white, 
granular aUoy, brittle, and pulverulent, burning at a red heat. 
It decomposes neutral salts of manganese, iron, chromium, 
cobalt, nickel, and copper, and liberates hydrogen when 
immersed in caustic potash. 

Tin and mercury unite readily even at ordinary tempera- 
tures, but much more vigorously at the melting point of tin, 
the resulting amalgam having a tin-white colour, and is more 
or less brittle and granular, according to the proportion of 
mercury present. An amalgam of these metals is employed 
in the silvering of mirrors. 

93. Ores of Mercury. — Meroury is often found in the 
native state, also as iodide and chloride, and in union with gold 
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and silver as amalgams; but its combination "with, sulphur, 
constituting cinnaharj forms the most important ore of the 
metal, and that from which almost the whole of the mercury 
of commerce is obtained ; yet, mercury has also of late been 
collected from certain fahl-ores containing silver, copper, etc., 
accompanied by more or less mercury. 

The ores of mercury occur in both ancient and modem geo- 
logical formations; thus while the deposits at New Almaden 
in California occur in rocks of cretaceous age, and at Idria 
in limestones of Jurassic age, yet many deposits of this metal 
occur in rocks of Silurian age. 

Mercury often occurs native as globules disseminated 
throughout its ores or gangue, the mines of Almaden, Idria, 
Hungary, and Sweden, thus yielding the native or virgin 
metal. The native metal is almost pure, sometimes, however, 
containing traces of gold and silver. 

The native mercwric sulphide, or ciwnaha/r, is a cochineal or 
brownish-red transparent mineral, possessing an adamantine 
lustre, a scarlet streak, and a hardness of from 2 to 2*5. It 
crystallises in hexagonal forms, but by sublimation it is 
obtained in fibrous masses; it is sectile, has a subconchoidal 
fracture, a specific gravity of from 8*0 to 8*1, and changes 
upon heating from red to brown, and then to black, recover- 
ing its scarlet colour on cooling, provided the temperature 
employed has not been too high. This mineral often occui's 
nearly pure, yielding from 75 to 85 per cent, of mercury; 
while varieties found at Almaden, Idria, etc., contain from 
40 to 60 per cent, of gangue or foreign matters, with from 
40 to 60 per cent, of mercury. The more important mines 
in which cinnabar occurs are those of Idria in Illyria, and 
Almaden in Spain: at the former it occurs disseminated 
throiigh a bituminous schist, limestone, or giit; while at 
Almaden it is found in veins traversing a micaceous schist. 
Other localities in which it occura are Bavaria, Bohemia, 
Hungary, the Ural and Altai mountains, China, Japan, 
Mexico, Southern Peru, Coquimbo, Chili, and California. 
' The native compound of silver and mercury, known as 
^^ amaZgamfi^^ is a silver-white, opaque, brittle body, which 
occurs either massive, or crystallised in forms of the regular 
system. It has a silver-white streak, a conchoidal fracture^ a 
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hardness of from 3 to 3*5, and a specific gravity ranging between 
10*5 and 14. Specimens from different localities vary widely 
in composition, containing from 13 to 36 per cent, of silver, 
with from 87 to 64 per cent, of mercury, and at other times 
it is also associated with gold. Amalgam is found in the Pala- 
tinate, Hungary, Sweden, Spain, Dauphin6, Chili, Peru, etc. 

Mercuroua chloride^ or hornrquicksilver, is found associated 
with cinnabar at Idria, Almaden, the Palatinate, etc., where 
it occurs crystallised or granular, of a dirty white or ash-grey 
colour, with a yellowish streak. It has a hardness of from 
1 to 2, and a specific gravity of 6*482. Iodides and bromides 
of mercury are also found, but more rarely. 

Selenides or sdenio-stdphides of mercury, of a steel or lead- 
grey colour and metallic lustre, also occur occasionally, accom- 
panying other ores of mercury, in Mexico, the Hartz, etc. 

EXTRACTION OF MERCURY FROM ITS ORES. 

The methods employed in the extraction of mercury are 
all processes of distillation, in which the ore, mixed with 
lime, iron, iron and lime together, or ferric oxide (smithy 
scales), is heated in a closed distillatory apparatus; or as still 
pursued at Almaden and Idria, where the ore occurs dissem- 
inated in a schistose rock, rendering it necessary that large 
quantities of the materials be operated upon, it is heated 
alone in an apparatus admitting an amount of air sufficient 
to convert the whole of the sulphur contained in the ore into 
sulphurous anhydride; while in the former case, where lima 
is used, the sulphur is removed in combination with lime, as 
calcic sulphide and sulphate, according to the equation of 
page 197; and if ferric oxide be employed, then ferrous 
sulphide and sulphurous anhydride result. The method 
pursued in extracting the metal thus depends upon the Tiature 
and amount of the foreign matters contained in the ore, and 
also whether the ore be in the state of powder, or is more or 
less massive, and also upon the cost of fuel, etc. Yet all the 
methods pursued may be classed under one of two classes, 
viz., 1^, air reductiorb processes, in which the decomposition 
is effected by roasting the ore, either in mounds^ kUnSy or 
reverheratory furnaces; 2®, reduction of the ore (cinnabar) by 
me^ns of lime, iron, iron scales, etc. 
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94. Huancavelica or Sonth American Process. — The ore 

here treated by the air reduction process is cmnabar, more or 
less diffused through sandstone. The furnace or kihi employed 
consists of a small shaffc resembling a small blast or cupola fur- 
nace, and which is built of any common refractory material 
that occurs in the neighbourhood; the fireplace, in which the 
herbage is consumed as fuel, is situated in the bottom of the 
furnace, and its arched roof contains numerous openings 
through which the smoke and heated gases ascend, while 
immediately above the arch is an opening or doorway, closed 
during the working of the furnace, but opened at the con- 
clusion of the distillation for the withdrawal of the spent 
residues. Just below the top or mouth of the furnace a 
number of channels (usually three in number) open into the 
furnace, and each of these is connected with a series or 
system of earthen pear-shaped vessels or condensers known 
as ^^(dudd8j^ in the hollows of which the mercury, volatilised 
from the charge of materials in the furnace, condenses and 
is collected, since the top of the furnace or stack is closed 
after the furnace has been lighted and begun fairly to burn. 
The furnace is charged by piling the larger pieces of ore 
upon the perforated arch over the fire, upon which pieces 
are laid the smaller fragments, and so on to the top, the 
smalls (powdered ore) being moistened with water and 
roughly moulded by women into bricks, which are then 
piled in the fiimace; but it is necessary, in charging the 
furnace, that the materials be arranged so as to secure a 
draught through it. When the furnace is thus charged, and 
while the top is still uncovered, a fire is made in the fire- 
place, when, as soon as the lower portion of the furnace has 
become heated and a draught through the furnace thoroughly 
established, the top is closed by stones and earth, when the 
smoke and other volatile products are thus compelled to pass 
through the system of aludels already mentioned, where the 
mercury is condensed and collected. The reduction is thus 
efibcted by the agency of heat and air, the latter oxidizing 
the sulphur, converting it thereby wholly into sulphurous 
anhydxide, with traces of sulphuiic acid. The charge of ore is 
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32 quintals, and the time of working each chat^, including 
the time of charging, ia about tweaty-fonr hours; but the 
average yield ia only from 12 to 16 lbs. of metal per quintal 
of ore, a loss to the ezt«nt of almost one-half of the metal 
contained in the ore arising from defective conatruction of 
furnaces, the want of repairs, whereby cracks and fissures are 
allowed to exist in the structure, together with an imperfect 
roasting or exhaustion of the ore, the upper portions of the 
charge frequently being scarcely acted upon; but the method 
requires leas time and fuel than when fluxes are employed 
and the distillation effected in closed retorts. 

96. Almaden Process. — This process, pursued at the 
Almaden mines of Spain, differs from the last described only 
in the construction d[ the furnace, which eonsista of a square, 
round, or polygonal furnace, or heating chamber a, fig. 40, 
about four feet in diameter, and divided near the middle of ita 
height by a perforated brick arch into two chambers a, b, the 
lower one of which forms the fireplace, while the charge ia 
introduced into the upper one, or ore-chamber as it is called. 



Fig. 40. — Aludel Fitrnacb Employed at Almadbn. 
^e charge is introduced partly through the door at the back 
of the furnace, and partly through the opening c in the roof, 
while the lower chamber further communicates with a stacks, 
situated near to and at one side of it, and with which the fire is 
put into communication on first starting the furnace, so as to 
get up the draught; but when active combustion has com- 
menced, this communication is closed by a damper, and tbd 
gaseous products of combustion pass upwards through tho 
chamber above containing the ore, and from thence through 
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openings m into the system of earthenware condensers called 
''aludels/' each measuring about 18 inches in length; these 
being airanged in rows of chain-like order upon the two 
slopes of brickwork e, /, of the arched terrace or cUudel bathy 
along the lowest point of which^ and running its full length, 
is the bottom channel or 
gutter g, for the collec- 
tion of the metal escap- 
ing from an aperture 
made in the under side Fig. 41.— Aludkls shown to a 
of the lowest aludels of LABasR Scale. 

the series. The uncondensed products which pass through the 
aludels are conveyed into the large chamber A, in the bottom 
of which is placed a tank of water, the gases and vapours 
on their entry being deflected by the screen k to the bottom 
of this chamber, whereby the removal of any condensable 
portions is eflected before the gases make their escape to 
the atmosphere through the short chimney u in the roof of 
the chamber. The total width of this arrangement of fur- 
nace and condensers is about 65 feet; and the fuel consumed 
in the fireplace b is brushwood, etc. The arrangement of 
aludels comprises from 500 to 600 of these latter vessels, 
arranged in twelve rows on each slope of the aludel bath or 
terrace, as is shown in flg. 40, the small end of each aludel 
being inserted and luted into the larger extremity of its suc- 
cessor, the operation of luting their joints with clay, and 
emptying of each vessel separately at the conclusion of the 
distillation or firing lasting about twelve days, is necessarily 
a work occupying considerable time, and thus renders the 
process exceedingly extravagant in the item of labour. 

The charge to the extent of some 10 or 14 tons is assorted 
so as to yield about 10 per cent, of its weight of mercury, and 
is introduced into the ore* chamber a, by placing upon the per- 
forated arch of the fireplace, or floor of the chamber, the poorer 
portions of sandstone broken into the largest pieces, upon 
which are then placed smaller fragments of richer ore, above 
^which again is placed the smaller pieces of poor ore, and finally, 
at the top is introduced the dross, soot, etc., collected from 
the Aludels and condensing chambers, along with the smalls 
(fine powdered ore), the latter being moulded with clay and 



206 lOETALLUBGT. 

lime into bricks. Care is taken in charging, as in the pre- 
viously described process, that the materials are so disposed 
as to permit of a current or draught passing upwards from the 
fire through the ore, and so into the condensing arrangement 
of aludels. When the furnace is thus charged, the aperture c 
in the roof, the charging doors, etc., are closed and luted, 
upon which the fire is lighted hj opening a communication 
with the stack d, which, as soon as combustion has fairly- 
started, is closed by a damper, and the firing then continued 
during about twelve days, during which time the flame and 
air pass through the ore-chamber, whereby the sulphur of the 
ore is converted into sulphurous anhydride, accompanied by 
a little sulphuric acid, while the mercury volatilises and is 
largely condensed in the hollows of the several aludels, of which 
those forming the lowest portion of the series, situated over 
the channel or gutter g, are provided with an aperture to allow 
of the escape of the collected metal into the channel which 
communicates by a pipe with a receiver beneatL When the 
process or firing is completed, the whole is allowed to cool, and 
the aludels are then removed singly and their contents emptied 
into the central channel g, and so conveyed to the receiver. 

This process, as already noted, is wasteful in labour and 
fuel; also, if the ore mixture be too rich, there is a consider- 
able loss of mercury, attended with injury to the health of 
the workmen. 

The metal collected from the receivers and condensing 
chambers is much contaminated with mechanical impurities, 
as soot, dross, dirt, etc. ; and for the separation of these, the 
metal is poured upon the upper end of the floor of a room 
which inclines slightly from one end to the other, so that 
the metal, in running slowly down to the receivers, deposits 
upon it a large proportion of these mechanical impurities. 

96. Idrian Process. — ^The ore occurs at Idria in limestone, 
or in a bituminous schist or slate, and the furnace employed 
forms a building about 180 feet long and some 30 feet high, 
consisting of a central portion or furnace proper, with the 
air passages for supplying air for the combustion and oxida- 
tion of the charge; while upon either side of this furnace is 
erected the condensing arrangement of six chambers, a, a, a, 
etc., co mm unicating with each other by openings situated 
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alternately near the top and bottom of the chamhera, whereby 
the current of gases and condensible vapours are made to 
circulate up and down throogh each chamber to the end of 
the series, the last one being often provided with a number 
of inclined projecting boards or ledges placed upon the waits, 
Eo as to reach from one aide ajmost to the opposite one, the 
connections being made alternately with one wall and then 
the other, thus dividing the tower into a very tortuous flue. 
The gases and vapours, in passing from the furnace, are inti-o- 
duced into the condensing chambers, where their velocity is 
considerably reduced, owing to the large size of the condensers 
with relation to the flues from the furnace, which reduction 
of velocity favours condensation, and also permits the adhesive 
action of the walls to come more into action for the separation 
of any Bolid particles which may be carried along with the 
gaseous current; while the projecting ledges in the last tower 
are kept continually moist by a current of water flowing 
over tliem, and here are arrested the last portions of solid or 
condensible matters before the gases escape to the atmosphere. 



Fig. 42.— Idkian Forsaoe Ann Cobdensino Chamheks. 
Each of the chambers, a, a, is provided with an opening at the 
top, which is kept closed during the working of tlie furnace, 
as is also an outlet from the bottom by which the condensed 
metal is conveyed to thq main tank. The bottom of the con- 
densing towers is formed of iron plates or of stones, which 
slope from the sides towards a median line, and also from 
back to front towards the opening, for the withdrawal of the 
condensed mercury. The furnace itself consists of a chamber 
divided vertically by three perforated brick arches into four 
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compartments, the arclieB serying to support the different 
varieties of ore in the furnace: thus the lowest chamber b 
constitutes the hearth where the fiiel is consumed, c, c, d, d, 
being arched passages or flues conveying warm air to the 
furnace and to the materials in the upper chamber for the 
oxidation of the sulphur and bituminous matters in the 
ore; while the upper chamber communicates by two lateral 
passages,/,/, with the series of condensers. In e are placed 
the largest pieces of ore, of varying degrees of richness, from 
the poorest, yielding only about 1 per cent, of mercury, to the 
pure sulphide yielding 80 per cent; the poorest, however, 
being first introduced so as to be nearest the fire. Upon the 
second arch are deposited the smaller pieces and fragments of 
ore from the mine, these being still sufficiently large to permit 
of the free ascent of the gaseous current through the furnace; 
while upon the uppermost arch are placed a number of earthen 
trays or pots filled with the fine powder or schlich obtained 
from the washings, along with the dust and condensed cin- 
nabar collected in the condensers, and returned to the furnace 
for redistillation. In this manner the furnace contains, when 
charged, altogether about 55 tons of materials, yielding from 
8 to 10 per cent, of mercury. 

The materials for the charge are introduced through side 
dooi*s into each of the chambers, which doors are luted up when 
the charging is completed, and remain so during the conduct 
of the process, which usually continues from 24 to 30 hours. 

The furnace requires five or six d&jB to cool down, after 
the distillation is completed, before the apertures are opened 
for withdrawing the condensed mercury, and the chambers 
entered to brush down the mercury, cinnabar^ and mercurial 
soot collected upon the walls of the condensers; the last named 
operation being attended with considerable injury to the 
health of the workmen, owing to the inhalation of mercurial 
vapours producing salivation and nervous tremblings. 

The process is conducted by charging the furnace and 
closing all apertures in the manner described, when a brisk fire 
of timber (usually beech) is made upon the hearth, whereby the 
furnace will attain to a cherry redness in some 12 or 15 hours, 
when the air from the side chambers or flues, c, c, d, d, and 
gases fi'om the furnace are drawn by the draught over the 
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heated ore, whereby the sulphur of the ore is oxidized with 
the separation of the mercury, which, at the temperature pro- 
duced by the heat of the fiumace and the combustion of the 
sulphur in the ore, is vapourised, and passing along with the 
gaseous current by the flue^/, enters the condensing cham- 
bers, and is there collected in the manner detailed above. 
The temperature for a certain period at the commencement 
of the process continues to rise, owing to the combustion of 
the sulphur in the ore, and the condensation accordingly 
extends further along the series of condensers, large quan- 
tities of mercury being collected towards the end of the series, 
while at the commencement and conclusion the major portion 
of the metal condenses in the first tower from the furnace. 
The whole period of volatilization extends over about twelve 
hours. 

The mercury collected in the receivers from the condensing 
chambers is then filtered through cloth for the separation of 
its mechanical impurities, after which it is placed in cast-iron 
bottles, holding &om 60 to 70 lbs. each, and is then ready 
for exportation. 

97. Hahner's Modification of the Idrian Furnace.— The 

Idrian process as last described is not continuotcs, but requires 
to be stopped for about five days after working off each charge, 
to allow -die furnace to cool down before admitting of the 
removal of the spent ore, etc. ; and to obviate this, the modi- 
fication of Hahner has been introduced within the past few 
years at New Almaden in Califomia. Hahner's furnace 
consists of a circular reduction chamber a, about 3 feet 8 
inches in diameter, and 18 feet in height, communicating 
near its upper end with a series of six condensing chambers, 
6, 6y the re&igeration of which is further promoted by making 
the roof to form the bottom of an iron tank, cooled by water 
circulating through it; or of iron plates kept cool by a stream 
of water, while the walls of the chambers are coated with a 
stucco of mortar and fine sand, so as to present a hard and 
non-absorbing surface, since in the Idrian arrangement it is 
found that much mercury is absorbed by the walls, and lost 
through cracks and fissures. The conmiunication between 
the reduction chamber and the first condensing chamber is 
controlled by a stop or sluice valve c, while the circulation in 
19—11. o 
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the condensers is as described ia the Idrian furnace, com- 
munication between tbe cbambets being mode altenuitel; at 
the top and bottom of the division walls; while the current 
is maintained by the draught from a chimney, built in three 
tiers, in each of which ore formed ledges or terraoM, k^fc 
cool by a flow o£ water over them, and so arreslong the last 
portions of the condensibte matters. 



Pig. 43.— Hahneb's MonmoATioir o» the Idriait SWkacb. 

The ore, broken into pieces of the size of the Ssb, is intro- 
duced into a hopper in the top of the reductic»i ohamber, 
iiom whence, by iJie withdrawal of a slide in the bottom, it 
is allowed to fall into the chajnber; so that the charge of 
about 7 cwt. of ore, along with from 3 to 5 per cent of char* 
coal, requiring to be charged every 46 or 60 minutes, can be 
introduced into the reduction chamber without any commu- 
nicatitm being made between the atmosphere and the foniaoe; 
while the spent ore is withdrawn &om the bottom <^ the 
chamber or furnace by an arrangement of movable bars, 
whereby the spent materials fall out by theii- own gravita- 
tion, or are assbted by a rake. 

Before the furnace is ready for its regular and proper 
charges of ore and charcoal, aa given above, it is necessary 
that the temperature of the furnace chamber be first gradu- 
ally raised, and for this purpose a. layer of bricks and wood 
is £ist placed upon the fire-bars ao aa to check the draught, 



1BZ ALBEBtl ^BOCESS O^ EXTBAOTINd MEBCC&V. 211 

and prevent the ore from falling through ; a layer of brush- 
wood is next introduced, upon which is placed a layer of 
poor ore, then a layer of coal, "which is covered by a layer of 
rich ore, succeeded by alternate layers of ore and fuel; this 
method of charging proceeds for about a couple of days, 
when the chamber will have become thoroughly heated, and 
the hopper charges of ore and charcoal begin to be introduced, 
and the ordinary continuous working of the furnace proceeds. 
The smalls obtained in working this process are treated in the 
Alberti furnace, described in the ensuing paragraph, since 
finely-divided ore can only be treated in the Hahner furnace, 
after mixing it with clay and moulding it into bricks. 

98. Alberti Process. — ^This process is especially adapted 
to the treatment of smalls and poor ores, having been intro- 
duced at Idria for the working of ores containing but about 
1 per cent of mercury. The apparatus employed * consists of 
a reverberatory furnace consuming wood as its fuel, and which 
is connected with a seiies of large iron tubes and condensing 
chambers for the collection of the mercury and mercurial 
compounds volatilised during the roasting of the ore. The 
furnace a, £gs. 44 and 46, has a sloping bed or hearth, divided 
during the working into three steps, on to which the ore is 
progressively raked from the flue towards the bridge end, and 
is thus subjected to a gradually increasing temperature; at 
the front end of the hearth is an aperture communicating 
with a chamber beneath, into which the ore is raked after 
having been transferred along the full length of the bed; 
while in the roof of the furnace, at the farthest end, is 
situated a hopper (6) fitted with a slide, by withdrawing which 
the charge falls on to the coolest' portion of the hearth, where 
the ore undergoes calcination during a few hours, when it 
is raked forward to the middle portion of the hearth, and a 
farther charge of ore is introduced from the hopper on to 
the cooler portion just vacated, and so on, the ore being thus 
calcined or roasted in three stages at a progressively increas- 
ing temperature. The gases and mercurial vapours &om the 
hearth pass into the^ small brick condensing chamber c at 
the base of the stack, into which open two long, wide, cast- 
iron tabes d, passing backwards and inclining sHghtly down- 
* Angles des Mines, YoL V.^ 5th Series. 
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warda to a second condensing cbamW of farioltwork e, 
divided into an upper and lower storey; the vaponra after 
circolating in the lower chamber s pass into the upper Htorey/, 
and from thence fotwarda along another iron tube g, opening 
into an upper chamber h, at the base of the flae, stack, or 
tower built above the furnace, and which is divided by 
a series of partitiong, fig. 45, cominuuicating alternately at 
the top and bottom, into a very tortuous course or flue, 
along which the products must circulate before reaching the 
atmosphora The furnace is covered with a hood for the 
protection of the workmen; while the refiigeration of the 
condensing tubes d, g, of which there are two in the lower 
row and one in the upper, is promoted by running water 
upon thcdr exterior from a series of jets communicating 
with a v&ter tank situated above them. 



Fig. 46.— PlJK 03 THB AlbSBTI FOBNACB, 

About 3 tons of ore are treated at once in this furnace, 
which is introduced on to the hearUi from the hopper in 
quantities of about a ton at a time, a chaige of 1 ton being 
introduced each time that the portion nearest the fire-bridge 
is raked down into the chamber, beneath, and the other por- 
tions each . raked forward a stage. The doors and apertures 
are all. closed and luted during the calcination or roasting, 
except at intervals, when they are opened to allow of the 
turning over of the charge. 

The condensing arrangenieut of the Alberti furnace is mucb 
more perfect and scieatiGc than those previously described, 
for by passing through the large chambers at e, e, etc., the 
velocity of the current is considerably diminished, favouring 
thereby the deposition of metallio or other matters carried in 
suspension; also the adhesioit of the various surfaces npoa 



'214 UETALLUROT. 

the condensed particles is made effective; and in this mazmeir 
it is found that about 95 per cent, of the yield of mercuiy is 
collected in the lower of tiie iron tubes of the apparatus, and 
from which it is run into proper, receptacles; while a large 
proportion of mercurial soot, containing metallic mercury 
along with vermillion or cinnabar, etc., is collected from the 
tubes, flues, and chambers, which is dried, and the metallic 
particles separated as perfectly as possible by raking it over 
an inclined plane so long as the metal continues to run out, 
after which the residue is returned to the furnace to be 
reworked with a subsequent charge. 

The Alberti furnace is worked vmimterruptedly for a period 
of six months, when the pipes are cleaned out, their lower 
ends having become almost stopped with an agglomerated 
dust or deposit containing from 40 to 50 per cent, of mer- 
cury, mixed with carbonaceous matters, etc., and the work- 
men- who then enter the chambers to clean them out are 
clothed especially for the purpose, so as to be as impervious 
as possible to the deleterious action of the mercurial vapours. 

99. Fahl-ore Process. — Fahl-ore, fahlerz, or grey copper 
ores frequently contain considerable proportions of mercury, 
which it is the object of this process to separate and extract. 
Accordingly in Hungary, where this process is pursued, the 
roasting of the copper ore is effected in mounds or heaps of 
some 40 feet in length, and so constructed as to admit pf a 
moderate supply of air to the ore, for which purpose the site 
is first covered with a layer of small ore, upon which is 
superposed a layer of the larger pieces of such ore as has 
been already once roasted but not completely, upon this 
again is placed a quantity of wood and coal, then ore again; 
while the outside is formed by a coating of the powdered 
ore, which serves alike to check the passage of air through 
the pile, as also to arrest the particlies of mercury as the 
latter is volatilised by the heat. The heap thus formed is 
then fired by igniting projecting pieces of the timber and 
coal of the pile, whereupon the sulphur of the ore breaks 
into combustion, with the production of sulphurous anhy- 
dride, when the heat produced by the fuel and burning sul- 
phur volatilises the mercury, which is condensed apd collected 
in the small ore forming the outer cover of the pile. The 
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operation tlrna proceeds for about three weeks, 'when the 
outer covering ia taken down, sifted, and carefully washed, 
for the aepaiation of the metal &om the finer portions of ore 
with which it is aaaociat^d. 

xsraoDS 07 beduction with like, iron, etc. 

These methods consiitute by far the most scientific and skil- 
fill processes employed for the separation of mercury from 
its ores, permitting of the application of closed retorts for 
the distillation, with more perfect separation of the metal 
and exhaustion of the ore, while not necessitating the same 
exposure of the workmen to the poisonous influences of 
mercurial vapours; notwithstanding which, these processes 
are as yet only employed in the amaller works for the ex- 
traction of the metal, the great mines of Almaden and Idria 
still rebuning the old, wasteful, and unhealthy processes 
already described. 

100. Treatment of Uercnrial Ores in the Gallery Fur- 
nace. — This iiimace is em- 
ployed in the duchy of Deux 
Fonts, where cinnabar or mer- 
curic sulphide, associated with 
aandstone, is reduced by mix- 
ing it with about 25 per cent. 
of its weight of lime, and 
then distilling this mixture 
in earthen or cast-iron pear- 
shaped retorts; when double 
decomposition ensues with 
the production of calcic sul- 
phide aad sulphate which 
remain in the retorts, and- 
the liberation of metallic 
mercury which distils over. Fig. 47.— Gallfbt Fitrnace fob 

thus >** EXTBACTION OF MERCURY, 

4Hga + 4C«0=3C»S + CaS0,+4Hg. 
The gallery furnace,, fig. 47, contains from 30 to BO of these 
pear-shaped vessels or retorts, a, a, arranged in two rows, 
with their closed extremities towards the median line of the 
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furnace, and each row further contains two tiers, a, &, arranged 
one above the other, so that the flame and heated gases from 
the coal fire made on a grate, c, running the full length of 
the furnace between the two rows of retorts, but below and 
not in contact with them, passes upwards, around, and 
between the several retorts before escaping through the aper- 
tures shown in the arched roof of the gallery. Each of these 
retorts receives about 70 lbs. of the mixture of ore and lime 
(or if the ore be sufficiently calcareous in itself, then of the 
moibtened ore alone), which charge occupies about two-thirds 
of the capacity of the vessel, at the same time the receivers 
dy d placed outside the galleiy, and into which the necks of the 
retorts are received, are eiEu;h half filled with water. As the 
distillation proceeds, the mercury is condensed by the water 
and collects in the bottom of the receivers, while the water 
itself becomes charged with a black powder known as black 
vnercv/ryy consisting of undecomposed sulphide and finely- 
divided mercury, which is collected, dried, and again diis- 
tilled with a fresh portion of lime. When the charge of the 
retorts is exhausted, Le., has ceased to yield any metal, the 
contents of the several receivers are tiien emptied into a 
common receptacle or basin placed over another vessel put to 
receive the water as it overflows, whereby the mercury is 
collected in this basin and largely separated from the water, 
which overflows into the receiver below, carrying with it the 
whole of the black mercwry. 

Iron or iron scales can be equally well employed to effect 
the decomposition of the ore in this furnace, but no material 
performs this function more efficiently than lime. 

101. The Landsberg Process. — The method of treatment 
in the gallery furnace last described is obviously attended 
with loss of metal, and the expenditure of a considerable 
amount of manual labour in charging and recharging so 
many small retorts, with the luting of the several joints, etc., 
and to obviate this, at Landsberg in Bavaria, the apparatus 
illustrated in figs. 48 and 49 has been introduced; the ore, as 
in the last-mentioned process being reduced to a coarse powder 
and mixed with quicklime, is then introduced, in quantities 
of from 6 to 7 cwt., into each of the cast-iron retorts a, a, 
measuring about 7 feet in length, and arranged in groups of 



three in each of the arched fomaces of brickwork, -which are 
built Beveral together. The chatge ia introduced from the back 
of the retort, the end being oloaed hy a movable iron cover. 



Fig. 4S. — Bi.vutuN FoiutAOK tok tbb TsMinaam or Odes or 
Mbbcubt. 
while to the ^nt 
tremity of each reb 
attached a condei 
pipe c, dipping ber 
the surface of water 
tained in the Bligbtl 
dined main or pij 
the last mentioQed 1 
kept eool by a corre 
■water continually ( 
lating around it; 
the pipe d conveyi 
mercury from the y 
of the retorts to a Ic 
cistern m, in whicl 
float n serves to ind 

the height of mercury I^. 49.— Sscnoit throuoh ohi or the 
collected. The retorts RnoRis of tm Bavakiam Fdrnaci. 
and the main d are each provided with safety valves to pre- 
vent accident by the sudden expansion or contraction of the 
air or vapcAUB within the retorts. The retorts are built in 
masonry in the manner shown, after the manner of ordinaiy 
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gas retorts; the fireplace fy at one e3direi&it7, being dto&ted 
beneath the central retort, which is protected from the direct 
action of the flame by fire-tiles; while a system of fines directs 
the gaseous current under and around each retort before it 
passes by the exit fiae g to the stack, of which one serves for 
three furnaces or nine retorts. In working this fumaoe the 
temperature is maintained as uniformly as possible at a red 
heat, avoiding any sudden changes which might crack the 
retorts, etc., each charge being in this manner worked off iu 
about three hours. 

A variety of this retort^ fitted with conical vertical receivers 
cooled by water running over their outer surface, is in use in 
certain parts of California for the treatment of the richer ores 
occurring there. 

102. Bednction with Iron. — ^At Horzowitz, in Bohemia, 
this iron reduction method is pursued, the ore being mixed 
with SDiithy scales, and the mixture placed in iron dishes 
arranged one above another upon a vertical axis beneath 
an iron bell, the lower edge of which dips beneath the surface 
of water; fuel is then placed around the exterior of the beU 
constituting the furnace, when the heat produced is sufficient 
to effect the decomposition of the ore, and to distil the mer- 
cury .which condenses and collects in the water in which the 
apparatus stands. 

PURIFICATION OF COMMEBOIAIi MEECUEY. 

Commercial mercury is, as already noted, frequently con- 
taminated with ziwi, biamtdh, antimony, tin, and other im- 
purities; the two first mentioned being derived from their 
ores which are sometimes associated with the ores of mercury, 
and these metals being volatile like the mercury, they distil 
over along with, and are then dissolved in it, while the other 
metals mentioned are also soluble in mercury, and are some- 
times added as adulterations; but since for many scientific and 
other applications to which mercury is applied, it is required 
to be perfectly pure, various methods have accordingly been 
applied for the separation of these several impurities. 

As observed above, the operation of simple redistillation 
will not suffice to separate it from the volatile metals, zinc 
and bismuth; but if the surface of the metM contaiaed in the 
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retort (of glass if for small operations, and earthenware or 
wrought iron, if upon a large scale) be covered with a layer 
of clean iron filings or turnings to the extent of about one- 
sixth the weight of the mercury, and the vessel then carefully 
heated by well bedding it in a sand bath, while the stout 
paper or canvas extremity of the neck or pipe from the 
retort is made to dip beneath the surface of water in the 
receiver, the latter being still further cooled by placing it in 
a large vessel also filled with water, or through which water 
circulates, then the heat of the bath is sufficient to boil the 
mercury, which distils over and is condensed in the water, 
while the other metals are retained by the layer of iron 
filings; but the mercury in the receiver, after pouring off the 
water, is yet generally covered with a thin film of oxide, with 
traces of ferric oxide, but these are readily removed by treat- 
ing it with a little hydrochloric acid, after which the mercury 
is well washed and dried at a gentle heat. 

Instead of the method of purification by iron, it is better 
to substitute for the latter coarsely-powdered cinnabar, which 
is added to the extent of about one-tenth the weight of the 
mercury, and the redistillation then proceeded with: in this 
manner the cinnabar suffers decomp^tion with th^ Ubera- 
tion of its mercury, while the foreign metals are largely con- 
verted at the same time into sulphides which remain in the 
retorts. Another method is to make the redistillation with 
the addition of a mixture of vermillion (the sublimed mer- 
curic sulphide) or mercuric chloride with half their weight 
of lime; or the same effect is produced by redistilling the 
metal with mercuric oxide. 

In lieu of the above dry methods of purification various 
wet methods are proposed, and amongst the most important 
reagents employed for the purpose may be noted sulphuric 
or nitric add, and a solution of mercurous nitrate ; but these 
methods obviously will not effect the removal of gold, silver, 
platinum, or other metal insoluble in these menstrums, but 
recourse must then be had to distillation to effect their elimi- 
nation. If sidphuric oAsid be employed, then to the mercury 
contained in a fiask or other vessel is added an equal weight 
of the concentrated acid, and the mixture is repeatedly stirred 
or shaken, when the action continues for several hours, or is 
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even prolonged in some cases to from five or seven days, the 
addition of fresh acid being made at intervals, so long as 
sidphurous anliydride continues to be evolved, or the acid 
continues to become turbid, since these actions only arise 
from the solution of foreign metals* in the add, pure mercuiy 
not being attacked by mere digestion with sulphuric acid in 
the cold. 

If nitric acid be employed to effect the desired elimination, 
then the mercury is digested for some hours with the acid 
diluted with from 6 to 8 parts of water; the mixture of acid 
and metal being contained in a flat bottomed dish or basin, 
and maintained at a temperature of about 55° C. (ISl^'F.), 
with frequent stirring or agitation of the mixture. The acid 
in this manner dissolves out most of the foreign and more 
readily oxidizable matters, while very little of the mercury 
is dissolved. When all action has ceased, the solution is 
decanted from the purified metal, and the latter requires 
only to be washed and dried. 

When mercurouB fdtrcUe is substituted for the acids, then 
the mercury requires to be boiled for some hours with the 
mercurous nitrate dissolved in a small quantity of water. 

Other methods of purification consist in agitating the metal 
with a solution of ferric chloride (XJlex); and an old method 
of Dr. Priestley, frequently adopted on the small scale, is 
to shake in a bottle a small quantity of the metal along with 
a little powdered loaf sugar, whereby the mercury becomes 
finely divided, and the foreign metals, as lead,' eta, are exposed 
to the oxidizing influence of the air, which separate thereby 
as a grey powder, which is then separated from the metal by 
filtration through a cone of paper having a smairaperture at 
the bottom, so that the mercury filters through, while the 
sugar retaining the foreign oxides remains in the cona 



CHAPTER V. 

SILVER. 

103. Physieal and Chemical Qaalities. — This metal is 
remarkable for its pure metallic whiteness, the rare metal 
tridftKm, although classed as a white metal, being inferior to 
silver in this respect; and Foucault states that the light trans- 
mitted through mlver leaf is of a bluish or bluish-green colour. 
Silver has a very powerful metallic lustre, and in malleability 
and ductility it is only exceeded by gold, silver admitting of 
being hammered into leaves of not more than lopooo ^ of an 
inch in thickness; but by hammering and wiroKirawing, the 
metal becomes more or less brittle, and requires more frequent 
annealing than gold under the same conditions; while in 
hardness it stands between gold and copper, the hardness of 
gold, silver, and copper being as 4 to 5 to 7*2, the hardness of 
sUver increasing, however, with the presence of any impurity 
in the metaL 

The specific gravity of silver in the cast state is 10*53, 
which is increased under the coining press to 10*57, and in 
the finely divided state, as obtained by • precipitation, its 
specific gravity is 10*62. This metal is possessed of consider- 
able tenacity, a wire 1 sq. m.m. in diameter requiring at 0°C. 
a weight of 62*12 lbs. to break it, and if heated to 100° C. then 
51*3 lbs. suffices, while at 200° C. the same wire broke imder 
a load of 40*96 lbs. avoirdupois. It melts at a white heat, or 
at a temperature estimated by Pouillet at 1000° C. (1832°F.), 
and by Morveau at 1034°C. (1893*2°F.), its latent heat of 
fusion is 21*07°C., and specific heat between 0°C. and 100°C. 
is -05701, while its dilatation per unit of length is *000020826. 
At very high temperatures, as in the Voltaic arc, the metal 
is slightly volatilised, its vapour in the oxyhydrogen blow- 
pipe being of a pale blue colour inclining to purple. 

Silver, when occuning i& crystalline lbrmS| crystallises in 
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the regular ciystein usually as cubes. It is one of the best con- 
ductors of both heat and electricity, is not acted upon under 
ordinary conditions by exposure to the air at any tempera- 
ture, the tarnished surface so rapidly formed on articles of 
silver exposed to the atmosphere being i^ually due to a 
film of argentic sulphide formed on the surface, owing to the 
presence of traces of sulphuretted hydrogen in the air; but if 
the metal be kept in a state of fusion for a considerable time 
in contact with the air or oxygen, it is capable of absorbing 
about 22 times its own volume of oxygen, which it again 
liberates at the moment of solidification of the metal, the 
evolution being attended with the projection of the metal 
into a number of protuberances or craters on the surface of 
the silver, constituting the phenomenon of spitting or vegetor 
tion; but the presence of small quantities of copper pre- 
vents this absorption and spitting of silver, while perfectly 
pure silver, if heated to redness, absorbs and retains when 
cold '54:5 of its volume of oxygen, the metal thus affording 
an example of what is known as the " occlusion'* of gases. 
But if pure silver be melted beneath a layer of 3 or 4 inches 
of common salt (NaCl) or potash, the metal sets with a clear 
bright surface, abowing that oxygen was not absorbed and 
evolved again on solidification under these conditions; while 
if nitrate of potash or soda be substituted for the sodic 
chloride (NaCl), the same phenomena of spitting recurs, and 
by suitably heating with nitre the metal acquires the orna- 
mental rough dead surface known as ^^ frosted silver J* Silver 
alloyed with as much as one-thud of its weight of gold, still 
retains the power of absorbing oxygen. and spitting on cool- 
ing, but larger propoi-tions of gold prevent the action (Percy) ; 
and further, if silver wire be heated and cooled in hydrogen 
it occludes •211 of its volimie of the gas. Silver melted on 
charcoal in a jet of oxygen bums with a conical* flame, with 
the production of argentic oxide (Vanquelin),. and also if 
heated in the air, by the passage of the electric sparky oxida- 
tion ensues. 

Water is without action upon silver at ordinary tempera- 
tures, but there is a notable disengagement of hydrogen if 
steam be passed over silver heated to whiteness, when the 
metal also spits during cooling. Silver, in a tw^ state of divi- 
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sioiiy when heated with cupric, plumbic, or manganic oxides, 
or with arsenic or antimony, is oxidized, the oxide produced 
remaining mixed with the excess of the other oxides, or in 
combination with arsenic or antimonic oxide, if either of these 
metals be employed; and thus although the oxide of silver 
cannot exist alone at the temperature here employed, yet, in 
conjunction with these oxides, the argentic oxide resists reso- 
lution into its elements. 

Silver decomposes sulphuretted hydrogen at the ordinary 
temperature, the metal becoming coated thereby with a brown 
or black film of sulphide of silver, the ornamental articles of 
what is known as oxidized silver are tarnished by a thin film 
of sulphide of silver, produced by boiling the article in a 
solution of potassic sulphide, and then removing the brown 
colouration from the prominent parts by brushing or wiping 
over them, whereby the tarnish or colouration is removed 
from such parts, and they appear with the lustre of silver. 
Silver combines with chlorine, hromvne, and iodine^ at the 
ordinary temperature; dilute sulphv/ric add does not act 
upon the metal, but the stronger acid is decomposed when 
heated along with it, yielding sulphurous anhydride (SOg) 
and argentic sulphate, according to the following equation— 

2Ag + 2HaS04 = Aga SO^ + 20Ha + SOj ; 

and hydrochloric add has little or no action upon the metal 
unless boiled with the finely-divided silver; but hydrochloric 
acid gas is decomposed by silver at a red heat, with the forma- 
tion of argentic chloride and the liberation of hydrogen; 
while nitric add is its best solvent, dissolving silver at the 
ordinary temperature, with the liberation of nitric oxide 
. (NgOj), and the formation of argentic nitrate (AgNOg) — 

6Ag+8HNO.=6AgNO.+4HaO+NaOa. 

Alkaline chlorides convert metallic silver into chloride, 
which is dissolved in an excess of the alkaline solution; while 
cupric, ferric, and mercuric chlorides are reduced by silver 
to cuprous, ferrous, and mercurous chlorides respectively, 
according to the following equations — 

SCuCla +2Ag=2AgCl+CuaCl3, 
FeaCle +2Ag =2AgCl+2FeCl2, 
2HgCla+2Ag=2AgCl+Hg2Cl3-, 
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and silver kept fused, and in contact with sodic cbloiide, 
(Nad) suffers a loss in weight; while, if the metal be heated 
to briji^t redness, in contact with common salt, and with 
access of the air, argentic chloride is formed. The atomic 
weight of silver is 108, and its symbol is Ag. 

104. Oxides of Silver. — Silver forms three oxides, known 
respectively as aigentous oxide (Agfi), aigentic oxide (Ag^O), 
and argentic peroxide (Ag.Oj). 

Argentatis oxide (Agfi) is prepared by heating argentic 
mellate, oxalate or citrate to a temperature of lOO^C. (212°F.) 
in a current of hydrogen, when brown salts of this oxide are 
produced, which are dissolved in water, and from which solu- 
tion argentous oxide is precipitated as a black powder on the 
addition of caustic pota^L 

Argentic oxide (Ag^O) is the salifiable oxide of silver; it 
is prepared by heating argentic carbonate to a temperature 
of 200° C. (424° F.), or it may be precipitated as a brown 
powder, becoming black on drying, by the addition of argentic 
nitrate to a hot saturated solution of baric hydrate. Argentic 
oxide, freshly precipitated from any of its solutions, rapidly 
absorbs carbonic anhydride from the air; it gives off the whole 
of its oxygen if heated below redness, and is completely 
reduced by carbon at a temperature below that at which it 
gives off its oxygen when heated alone. It is soluble in 
alkaline cyanides, hyposulphites, etc., but not in potash or 
soda, and by treatment with ammonia it yields the explosive 
compoimd known as "fvImincUing silver" Aqueous hypo- 
chlorous acid converts this oxide into argentic chloride, with 
the evolution of oxygen; chlorine gas likewise decomposes 
this oxide at the ordinary temperature, with the formation of 
argentic chloride and the liberation of oxygen. 

Argentic peroxide (Ag^Og) is obtained by the electrolysis 
of a solution of argentic nitrate, when this oxide is deposited 
in the form of black adcular crystals on the positive pole. 

106. Argentic Sulphide (Ag^S). — This is the only com- 
poimd of sulphur with silver; it occurs native as eUver glance^ 
or vitreous argentic sulphide, and may be prepared artificially 
by heating silver with an excess of sulphur, when combina- 
tion, accompanied by incandescence, occurs at a temperature 
of redness, the resulting sulphide not acting so corrosively 
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upon the material of the crucible as occurs with the corre- 
sponding lead compound; metallic silver also decomposes 
sulphuretted hydrogen at the ordinary temperature, with the 
production of argentic sulphide; and this sulphide is also pre- 
cipitated from the solutions of silver salts on the addition of 
sulphuretted hydrogen. The artificial sulphide, after fusion, 
is of a lead or dark-grey colour, feebly metallic in appearance, 
is somewhat malleable, and so soft that it may be cut with a 
kmfe. The specific gravity of the artificial product is 6*85 
(Karsten), and of the native variety from 7*196 to 7*365, the 
latter crystallising in the regular or cubic system. Argentic 
sulphide is practically fixed, if heated with the exclusion of 
air, even at a high temperature. It is not oxidized by expo- 
sure to the air, but if heated with access of the air it is slowly 
decomposed, yielding sulphurous anhydride and metallic 
silver; but if ignited in hydrogen or steam it is largely 
decomposed, and if the latter be employed the silver remains 
in hair-like threads, resembling native silver. This sulphide 
is insoluble in water, ammonia, or ammonic carbonate, in 
potash, soda, sodic sulphate, potassic cyanide, and potassic or 
sodic carbonate; it is attacked by chlorine when heated with 
the gas, chloride of sulphur being evolved, and if the tempe- 
rature be high enough, argentic chloride remains; dilute 
hydrochloric acid is without action upon the sulphide, but 
the stronger acid attacks it, the sulphide becoming coated, 
however, with a layer of argentic chloride, which prevents 
the further action of the acid. 

Metallic silver fused along with argentic sulphide retains 
a certain proportion of the latter, and the fused sulphide is 
decomposed by iron; but if the argentic sulphide coni^n also 
cupreous sulphide, complete separation of the silver cannot be 
efifected in lliis manner. Lead and copper act in a similar 
manner to iron, but less perfectly. Argentic sulphide in the 
presence of common salt, air, and moisture, yields argentic 
chloride; also, this sulphide when treated with cupric chloride 
yields argentic chloride, cupreous chloride, and sulphur, thus : 

AgjS+2Cuaa=2Aga+Cu,Clj + S. 

And the cupreous chloride so formed will, with access of air, 

produce a greenish deposit of an oxychloride of copper, and 

19— «• P 
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it is upon this reaction that depends* the preliminary treat- 
ment of the ore (argentic sulphide) in the Mexican amalga- 
mation process for the extraction of silver. 

106. Argentic Sulphate (Ag^SO^). — ^This salt is prepared 
by treating grain silver, or silver fiUngs, with strong boiling 
sulphuric acid; it forms a colourless, anhydrous, and inodo- 
rous body, crystallising in the prismatic S3rstem; only spar- 
ingly soluble in water, but more soluble in dilute sulphuric 
acid. Its specific gravity is 1 *25. At a strong red heat it 
is decomposed into sulphurous anhydride and oxygen, which 
escape, and a residue of metallic silver; and if treated with 
carbon at a red heat the metal is reduced, while sulphurous 
anhydride (SOg) and carbonic anhydride (COg) in equal 
volumes are given o£ Silver is precipitated from solutions 
of this salt by metallic copper. 

The liquor known as " stripping UquoVy^* employed for dis- 
solving the silver from old plated articles, consists of 3 lbs. 
of sulphuric acid diluted with 1 lb. of water, and containiug 
in solution 1^ oz. of nitre, the liquid being used at a tempe- 
rature of from 38°0. (lOO^F.) to 93-3° 0. (200^F.), when the 
silver dissolved by this liquor is then precipitated as chloride 
by the addition of common salt. 

107. Argentic Sulphite (AggSOg).— This is a colourless 
salt prepared by adding sodic sulphite (NagSOg) or sulphurous 
anhydride to a soluble salt of silver; it is only slightly soluble 
in water, and imdergoes no change from, exposure to the 
light. If heated to 200°C. (392°F.) with water, it is decom- 
posed, yielding argentic sulphate and metallic silver. It 
forms double salts with alkaline sulphites. 

108. Argentic Hyposulphite (AggS^Og). — This is an 
exceedingly mistable compound, but it forms two series of 
double hyposulphites with the alkaline hyposulphites : thus 
argentic oxide, bromide, and chloride are completely dissolved 
in sodic-hyposulphite, with the formation of a sodio-argentic 
hyposulphite of the formula Na^AggS^Og. The silver in 
these hyposulphites can only be detected by hydrochloric 
acid on heating the solution, and adding the acid occasion- 
ally, when argentic chloride is precipitated in a form readily 
freed by washing from the other salts. 

109. Argentic Nitrate (AgNOg).— This salt constitutes, 
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when fused, the " luwvr ccmatic " of the surgeon. It is obtained 
on the solution of silver in nitric acid, from which solution 
it crystallises in colourless anhydrous crystals, belonging to 
the trimetric or prismatic system; it is soluble in water, 
yielding a neutral solution. This salt melts at 219^0. 
(426°F.); in contact with organic matter, or on exposure to sun- 
light it rapidly blackens, from the reduction of metallic silver. 
Lead, tin, cachnium, copper, antimony, and mercury, separate 
sHver from aqueous solutions of this salt. Phosphorus has a 
like effect; and carbon, also if immersed in its solution, slowly 
reduces the metal — a reaction presumed to be due to the 
presence of hydrogen in the carbon; and the salt also suf- 
fers decomposition by fusion in an iron vesseL Argentic 
nitrate is &equently adulterated in commerce by plumbic, 
potassic, and sodic nitrates. In the preparation of argentic 
nitrate by the solution of silver in nitric acid, if the silver 
contain also copper, this passes into solution, imparting, if in 
quantity, a greenish tint to the solution; and to separate 
which, hydrochloric acid is added,, by which the silver is 
precipitated as argentic chloride, which is separated and well 
washed; when after digestion of the washed precipitate with 
a solution of potash, by which it is converted into argentous 
oxide (AggO), it is then again washed to free from potash 
and dissolved in nitric acid, by which means the pure salt 
is obtained. 

110. Chlorides of Silver. — Silver and chlorine exert power- 
fdl chemical affinities for each other, combining with one 
another at ordinary temperatures, and by their union yield- 
ing two chlorides known respectively as argentic chloride 
(AgCl) and argentous chloride (AggCl). 

Argentio chloride (AgCl) occurs native as horn silver, in 
waxy masses or crystalUsed in different forms of the cubic 
system; the same chloride is also precipitated as a white 
curdy precipitate when hydrochloric acid or a soluble chloride 
is added to a soluble salt of silver (except the hyposulphite), 
water containing but nsoooooo^ ^^ hydrochloric acid be- 
coming turbid on the addition of a solution of argentic nitrate ; 
this chloride also results when chlorine or hypochlorous acid 
is passed over heated silver, or on passing hydrochloric acid 
over sUver heated to redness. Argentic chloride is partially 
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decomposed by exposure to sunligbt, with the separation of 
chlorine and the formation of a dark-grey or nearly black 
argentons chloride (AgoCl). The amorphous chloride has a 
specific gravity of 6-501, which after fusion becomes 5*548. 
At a temperature of about 260° C. (500° F.), argentic chloride 
melts to a thin yellow liquid, which solidifies on cooling to a 
translucent waxy mass, resembling horn silver in appearance, 
and which, when cooled in mass, may be turned in the lathe. 
Argentic chloride is volatile at a strong red heat, and is 
insoluble in water, nitric add, sulphuric add, or dilute hydro- 
chloric acid; it is, however, soluble in 200 parts of strong 
hydrochloric acid, or in 600 parts of the same diluted with 
twice its amount of water, but is again deposited on cooling or 
evaporating; while by boiling witi^ sulphuric add, the chlo- 
ride suffers decomposition. Argentic chloride is also readily 
soluble in ammonia, from which solution the silver is precipi- 
tated as argentic sulphide (Ag2^) ^^ ^® addition of sulphuret- 
ted hydrogen; it is soluble in hot solutions of sodic chloride 
and in sodium hyposulphite, potassic or sodic cyanide, as also 
in a solution of tartaric add, in a cold solution of mercurous 
nitrate, and in the soluble sulphites. Argentic chloride is 
readily decomposed by heating in a current of hydrogen, the 
reaction being accompanied by the evolution of hydrochloric 
acid, and the separation of metallic silver; weak alkaline 
solutions do not affect argentic chloride, but by boiling the 
freshly precipitated chloride with a solution of potash, having 
a specific gravity of at least 1*25, and continually stirring, 
then potassic chloride and black oxide. of silver (Ag^O) are 
produced, this constituting Gregory's process for the pre- 
paration of the latter. In the presence of organic matters, 
as cane or grape sugar, glucose, etc., argentic chloride is 
reduced to the metallic state, and the chloride is also reduced 
by fusion with sodic or potassic carbonates, with the eliminar 
tion of oxygen and carbonic anhydride; thus — 

2AgCl+Na8CO,=2Ag+2NaCl+COa +0; 

and by heating to the melting point of silver with lime and 
carbon, the metal is again reduced, 

4AgCl+2gaO+C=4A^+2CaCl, +C0,, 



Also at a white heat charcoal and steam effect the same re- 
duction; thus — 

2AgCl+HaO+C-2Ag+2HCl+CO. 

Zinc or iron in contact with water separates metallic silver 
from argentic chloride, the reaction being much promoted by 
acidifying the water with hydrochloric acid, and the injec- 
tion of steam; it is also reduced by tin, antimony, lead, bis- 
muth, and copper. Argentic chloride, heated in a current 
of carbonic oxide, yields metallic silver and carbonic dichloHde 
(COCI2) ; it is also decomposed in small proportions if heated 
with sulphur, with the formation of a sulpho-chloride of 
silver. Plumbic sulphide, and probably other sulphides melt 
and combine with argentic chloride; while litharge (PbO) 
melts in all proportions with argentic chloride, and if 
plumbic sulphide be added to the melted mixture, metallic 
silver is reduced. Argentic chloride is reduced by powdered 
resin, this constituting the dry method devised by Mohr for 
the preparation of fine silver, in which argentic chloride is 
mixed with one-third of its weight of powdered resin; the 
mixture being introduced into a crucible and heat applied^ at 
first gently, and subsequently sufficiently strong to melt the 
silver, the reducing agent in this reduction being the hydro- 
gen of the resin. 

Argentous chloride (AggCl) is obtained by treating argen- 
tous oxide with hydrochloric acid, or by precipitating a soluble 
argentous salt with chloride of sodium, or, as already stated, 
it results on the exposure of argentic chloride to sunlight. 
This salt is resolved into argentic chloride (AgCl) and 
metallic silver if heated to the melting point of argentic 
chloride. 

111. Argentic Iodide. — This compound occurs native, but 
may be prepared artificially by treating silver filings with 
iodine, or may be precipitated by the addition of a soluble 
iodide to argentic nitrate. As precipitated by an excess of 
potassic iodide(KI), it forms a pale yellow compoimd sensibly 
affected by exposure to simlight; while if the argentic nitrate 
be in excess, the precipitate is darker in colour, becoming pale- 
grey, and eventually black on exposure to suidight. Argentic 
iodide (Agl) is insoluble in water, scarcely soluble in am- 
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monia, and is insoluble in cold solutions of alkaline cUorides, 
while Bodic- hyposulphite dissolves it readily. It is decom- 
posed, like the chloride, by the action of zinc, etc., in acidi- 
fied water; it is not decomposed by dilute nitric acid; but, 
if heated with strong nitric or sulphuric acid, it suffers de- 
composition with the separation of free iodine. 

112. Argentic Bromide. — ^Ai^ntic bromide occurs native 
as BromargyrUe, a mineral of a greenish-yellow colour, with 
considerable lustre; it is also precipitated as a yellowish- 
white precipitate when potassic bromide is added to a solution 
of argentic nitrate^ while bromine and silver in a fine state of 
division combine at ordinary temperatures. This compound 
is only slightly acted upon by exposure to daylight; it melts 
below a red heat witii the production of a reddish fluid, 
which forms a yellowish, homy-looking mass .on cooling; it 
is insoluble in water, is soluble in. ammonia, though not so 
readily as the chloride, and is readily soluble in sodic-hypo- 
sulphite or potassic cyanide. 

113. Argentic Phosphide. — Phosphorus and silver unite 
at a red heat. If phosphorus be placed upon silver heated 
to redness, the whole fuses, the silver taking up phosphorus, 
a portion of which is again separated as the fused mass 
solidifies (Pelletier). Thw compound is also formed by 
fusing silver with glacial phosphoric acid and charcoal, or 
by heating finely-divided silver in the vapour of phosphorus. 
Phosphuretted hydrogen precipitates silver in a fine state of 
division when passed into a solution of argentic nitrate (Hose). 

114. Alloys of Silver. — ^The presence of only small quanti- 
ties of arsenic in silver renders the latter brittle and liable to 
crack when rolled, though this metal is not so destructive of 
the malleability of silver as' it is in the cases of gold or 
copper. 

Silver and copper combine when melted together in any 
proportion, the resulting alloys being comparatively homo- 
geneous, though ingots dT the alloy are not absolutely identi- 
cal in composition throughout; but in such as contain from 
50 to 300 parts of copper per 1000 the interior of the ingot 
is usually the richest in silver, while if the copper form from 
300 to 900 parts per 1000, then the exterior of the ingot is 
the most highly argentiferous, and the alloy containing 
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28'107 per cent, of copper and 71*893 per cent, of silver 
gives an almost perfectly homogeneous alloy (Level). These 
alloys are white in colour untU the copper amounts to 50 
per cent, of the alloy, while the tint becomes more and more 
red with the increase in the amount of copper above this 
limit. The effect of copper is to increase the hardness and 
elasticity of the alloy, the hardest mixture consisting of about 
6 parts of silver to 11 of copper; the ductility of these alloys 
is considerable, but still inferior to pure silver, while their 
specific gravity is less than the mean of the metals employed 
in their preparation. When heated in a muffle or oUier 
oxidizing atmosphere, the alloys of these metals are super- 
ficially oxidized, with the production of variously-coloured 
films on the surface, according to which a crude estimate o£ 
the amount of copper in the alloys may be determined ; thus 
pwre silver, when heated in the muffle, becomes dvU white in 
colour, while if alloyed with 50 parts of copper per 1000 it 
becomes dnU greyish-white; with 100 parts of copper per 
1000 it assumes a dvU greyish-white colour with hlach fringes 
along the edges; while with 120 to 140 parts of copper per 
1000 the alloy becomes grey and almost hlach; and if the 
copper reach 160 parts per 1000 of the alloy it is rendered 
quite hkuik by the treatment. Silver does not oxidize on 
the application of heat; but on heating the highly cupri* 
ferous alloys of silver both metals are oxidized, and also on. 
heating such a body with sulphur both metals combine with 
this element, although the copper does so in the largest 
proportion. 

The chief and most important applications of the alloys 
of silver and copper are for the purposes of coinage and for 
the manufacture of ornaments, cutlery, etc., for which uses 
pure silver is too soft to withstand the necessary wesir, and 
it is hence alloyed with copper to obtain the required hard- 
nes& The British silver coinage contains 11 oz. 2 dwts* of 
fine silver and 18 dwts. of copper per lb. Troy; or it contains 
925 parts of silver per 1000, which standard was introducecl 
by Edward I. * This alloy has a specific gravity of 10*3, and 
is designated sterling or standard silver, the English sta/nda/rd 
thus containing 925 parts of fine silver per 1000, or contains 
18 dwts. of copper per Troy lb. ; and in commerce the purity 
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of silver is referred to this standard, reports upon other speci- 
mens being made in terms of pennyweights better or worae 
than the standard. Thus the French coinage, which contains 
24 dwts. of copper per lb. Troy, is thus stated to be worse 
6 dwts. (24 - 18 = 6); while the Indian rupee contains only 
12 dwts. of copper in the Troy lb., and woiUd accordingly be 
described as better 6 dwts. The French have three standard 
alloys, that employed for coinage containing 900 parte of 
silver per 1000; a second containing 950 parts of silver per 
1000 is employed for medals and plate, while the third, con- 
taining only 800 parte of silver per 1000, is employed for 
jewellery. Messrs. Elliot & Storer have detected consider- 
able proportions of lead in the coinage of different countries; 
thus an English shilling dated 1816 contained *484 per cent, 
of lead, and a five franc piece, dated 1852, contained '428 
per cent, of lead. 

In England all sterling silver goods are marked at offices 
appointed for that purrpose with what is known as the 
*^HaltMarkf* consisting of a Lion passent, indicating 11 oz. 
2 dwte. of fine silver in the Troy lb.; or by Britannia if 
containing 11 oz. 10 dwts. of silver per Troy lb.; in addition 
the place of manufacture is denoted by heraldic arms, the 
year by a letter used throughout that year, and changed 
from year to year; and lastly with the Queen's head, indicat- 
ing that the duty has been paid. Of the heraldic arms 
employed to indicate the place of manufacture, London is 
indicated by a Leopard's Head, Birmingham by an Anchor, 
Chester by a Swoni between three Wieateheafs, Sheffield 
by a Crown, and Exeter by a Castle with three Towers. 

Gold and silver occur native alloyed in various propor- 
tions; and artificial homogeneous alloys of these metals may 
be formed in almost all proportions. All native gold con- 
tains more or less silver. 

Lead and silver may be melted together in almost all pro- 
portions, with the production of apparently homogeneous 
alloys, except in large masses, which, when cooled slowly, 
are not uniform throughout ; the interior of ihe mass being 
more highly argentiferous than the exterior. Lead impairs 
the malleability of silver, and the alloys of these two metals 
have no direct application in the arte. 
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Mercury slowly dissolves silver at the ordinary tempera- 
ture, but much more rapidly and perfectly on the applica- 
tion of a gentle heat ; and in either case the combination is 
attended with considerable contraction in volume, and the 
production of a soft, granular, or crystalline white amalgam, 
readily miscible with an excess of mercury, but which excess 
can be separated from the pasty amalgam by squeezing it 
through wash-leather. These amalgams if heated to redness 
give oflP their mercury, the silver retaining, however, some- 
times traces of mercury. A native amalgam of mercury and 
silver occurs crystallised in the Palatinate, in Dauphin^, 
Hungary, Sweden, Spain, Chili, etc. 

Nickdy when alloyed with silver, yields hard, greyish-white, 
and magnetic alloys. Such an alloy, containing 10 per cent. 
of nickel, constitutes the Swiss coinage. 

An alloy containing 4 parts of silver to 1 of 2tnc consti- 
tutes Ddppler's reflector metal The alloys of these metals 
have a bluish-white colour. 

Falladium and silver combine in almost all propoi'tions, 
with the production of alloys capable of receiving a flne 
polish, and which were formerly employed for the graduated 
and polished scales of philosophical instruments. 

115. Ores of Silver. — Owing to the comparatively high 
value of silver, and the facility with which it is extracted from 
the ores or minerals containing it, the separation of silver 
is rendered profitable although the mineral contains but an 
exceedingly small percentage of the metal; and thus, while 
certain of the silver ores in their pure state contain a very 
high percentage of the metal, yet the ores usually treated in 
the smeltimg-works of Europe and America contain only a 
small proportion of silver. Thus the Mexican oies contain 
on an average but *25 per cent of silver, and are considered 
rich if the proportion of silver attain to '5 per cent. ; and in 
Europe the ores worked at Clansthal in the Hartz contain 
only about '098 per cent of silver on the average; while at 
Freiberg ores containing but '05 per cent, of silver may be 
profitably worked; and further, if the ore contain upwards 
of 35 per cent of lead or 5 per cent of copper, the silver is 
extracted, if it form not more than '01 per cent of the ore. 
The ores of Joachimsthal| which average the richest in 
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Europe, generally contain from 2 to 3 per cent, of mlrer, 
and rarely exceed 10 per cent. (Lambom). 

Silver occurs in the native state, in combination with sul* 
phur, chlorine, bromine, and iodine, as also in combination 
ivith other metals, as arsenic, antimony, etc., and with mer- 
cury as a native amalgam, whilst also frequently occurring in 
minerals essentially ores of other metals, occurring thus in 
ores of lead, copper, zinc, etc., constituting argentiferous 
galena, grey copper ores, blende, etc. This latter class of ores 
frequently containing^ as above stated, sufficient silver to 
render its extraction profitable, when such minerals are also 
considered as ores of silver. The ores of silver occur in veins 
traversing gneiss, granite, clay-slate, quartz, calc-spar, mica- 
schist, etc., and are usually associated with ores of lead and 
copper, blende (ZnS), spathic iron ore, brown haematite, 
pyrites, ores of nickel and cobalt, heavy-spar, quartz, earthy 
carbonates, etc. The ores of silver are more or less abun- 
dantly distributed over all parts of the world; and the metal 
has thus been worked in Peru, Chili, Coloi-ado, Nevada, 
Mexico, United States, and other parts of the American 
continent; in Norway, Sweden, Saxony, Hungary, Tran- 
sylvania, Brittany, Spain, etc., eixx 

Native silver is rarely found perfectly pure, but usually con- 
tains also gold, copper, platinum, or other metals in larger or 
smaller proportion, and is itself always present in small 
quantities in native gold. Native silver occurs in laminated 
or filamentous masses, or capillary and in grains minutely dis- 
seminated through silver ores and other minerals; occasion- 
ally also massive, or crystallised in cubes and other forms of 
the regular system. It has a silver-white colour and streak, 
a metallic lustre, and a specific gravity of from 10*1 to 11 '1, 
with a hardness of from 2 '5 to 3. Native silver is often 
associated with iron in ferruginous rocks, as in Mexico, Peru, 
and Chili, and with native copper, as in the Lake Superior 
district of North America; it also occurs in Peru, Kongs- 
berg in Norway, in the Hartz, the Urals, Ereiberg in Saxony, 
and Schemnitz in Hungary. 

Siher-glancBf or vitreous argentic sulphide (AggS), some- 
times occurs crystallised in cubes, octahedrons, and other 
tSLonometric forms, but more frequently in the massive state. 
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This mineral has a dark lead-grey colour, 'mih. a metallio or 
glassy lustre, a conchoidal or uneven fracture, and may be cut 
with a knife, having a hardness of about 2*5. It possesses a 
certain amount of malleability and elasticity; is fusible at 
the temperature of an ordinary flame, and its specific gravity 
ranges between 7*196 and 7*365. The pure sulphide contains 
87 '1 per cent, of silver, but it rarely occurs pure as an ore, 
being often associated with the sulphides of lead, copper, iron, 
zinc, antimony, arsenic, and tin, or with the ores of nickel and 
cobalt; so that the ore containing this mineral as its source 
of silver, yields much smaller proportions of silver than the 
pure sulphide. Silver-glance constitutes one of the richest-, 
most abundant, and usual forms of occurrence of silver, 
occurring in veins, and sometimes in large masses, in the 
Hartz, Saxony, Bohemia, ITorway, Hungary, Mexico, Peru, 
Chili, Nevada, Siberia, etc. 

Brittle silver-glance, stephanitey brittle silver ore, etc., are 
names applied to a sulphantimonite of silver (SAggSySbgSg) 
forming a valuable ore of silver containing, when pure, 71 
per cent, of this metal. It occurs massive, compact, dis- 
seminated or crystallised in trimetric forms, possessing a 
black or iron-grey colour and streak, with a metallic lustre, 
a hardness of from 2 to 2*5, specific gravity 6*299, and an 
uneven fracture. It decrepitates and fuses readily on charcoal 
before the blowpipe, evolving fumes of antimony and some- 
times also of arsenic, and yields a button of metallic silver. 
This ore accompanies other ores of silver at Freiberg, Schnee- 
berg, etc., in Saxony; Schemnitz in Bohemia; Kremnitz 
in Himgary; Andr^berg in the Hartz; and in Mexico^ 
Peru, Chili, Nevada, etc. 

Argentiferotis copper -glcmce, Stromeyerite or sulphide of 
silver and copper (Ag^SyCu^S), is a mineral of a dark steel- 
grey colour, with a shining streak, a hardness of from 2*5 to 3, 
and specific gravity of from 6*2 to 6*3. It occurs massive, as 
also crystallised in trimetric forms. The pure ore would 
contain 53*08 per cent, of silver, but it is iisually more or 
less mixed with copper-glance, and hence yields but from 
3 per cent, to 30 per cent, of silver. 

The mineral known as Arttimonial Silver contains, when, 
pure, 77 per cent, of the metal, and has a white colour and 
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streak, with a metallic lustre, an uneven fracture, a liarcl- 
ness of from 3*5 to 4, and specific gravity of from 9*4 to 
9*8 ; it fuses readily, evolving antimonious fumes, and 
yielding a button of silver. It occurs in the Hartz^ 
Dauphin^, South America, etc. 

Pyra/rgyrite, dark red silver ore, or ruby silver, has a 
composition represented by SAggSjSbgSg, and occurs massive, 
granular, or crystallised in forms of the prismatic system. 
It varies in colour between black and dark redness, with a 
red streak, is transparent or opaque, has an adamantine 
lustre, a hardness of fi-om 2 to 2*5, and a specific gravity of 
from 5*7 to 5*9. This mineral occurs with calcite, galena, 
etc., in the Hartz, in Mexico, Chili, Saxony, Norway, Hun- 
gary, Spain, and also in Cornwall. 

ProuatUe, or light red silver ore (3Ag2S,As2S3), much 
resembles the last in physical characters, occurring granular 
or crystallised in forms of the prismatic system, is subtrans- 
lucent, and possesses an adamantine lustre, with a cochineal 
red colour and streak. It has a hardness of from 2 to 2*5, and 
a specific gravity of from 5*422 to 5*56 j^^t is soluble in nitiic 
acid, and is analogous to pyrargyrite in composition, with 
the substitution of arsenic for the antimony in the latter. It 
is found in Saxony, Bohemia, Baden, Dauphin^, Spain, 
Mexico, Peru, and elsewhere. 

FahJroreSy Fahlerz, Tetrahedritey are names applied to a 
class of minerals consisting of sulphantimonites and sulphar- 
senites of silver and copper, containing also iron, tin, lead, 
and mercury, and wliich are sometimes very rich in silver, 
containing occasionally as much as 1400 oz. of silver per ton 
of ore; but the more usual content of these ores is from 2 per 
cent, to 10 per cent, of silver. These ores occur granular, 
crystalline, compact, or crystallised in forms of the mono- 
metric or cubic system, and varying in colour between steel- 
grey and iron-black, with a streak usually of the same colour 
as the mineral, with a hardness between 3 'and 4*5, and a 
specific gravity of from 4*5 to 5*1. A variety of fahlerz is 
loiown as Polytdlite* These ores occur at Andreasberg in the 
Hartz, Kremnitz, in Hungary, Saxony, Sweden, Transylvania, 
South America, Cornwall, etc. Frethergiie (4Ag2S,Sb2S3) is 
another variety of these fahl-ores* 
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Polyhasite is a sulpharseno-antimonite of silver and copper, 
possessing an iron-black colour and streak, metallic lustre, a 
hardness of from 2 to 3, and a specific gravity of 6 '2 14, which 
occurs massive, disseminated, or crystallised in the hexagonal 
system, in 'Saxony, Hungary, Cornwall, etc. 

Hom-siher, or argentic chloride (AgCl), occurs as a soft, 
pearl-grey, or greenish-white, waxy, or homy-looking mass, 
which is translucent on the edges, and may be cut with the 
knife, its hardness being only from 1 to 1 '5. It has a resinous 
lustre, a shining streak, and a specific gravity of from 5*4 to 
5*5. It fuses in the flame of a candle, and is readily reduced 
to the metallic state on charcoal before the blowpipe. This 
compound is also found crystallised in cubes, octahedi'ons, 
and other monometric forms. Argentic chloride contains, 
when pure, 75*25 per cent, of silver, and occurs accom- 
panying other silver ores somewhat abundantly in Peru, 
Chili, and Mexico, and less frequently in Saxony, Kongsberg, 
in the Hartz, Norway, Cornwall, etc. 

BroTMvrgyrite, or argentic bromide, is a mineral of a yellow 
or greenish colour, with a strong lustre; it is soft and sectile, 
with a specific gravity of from 5 to 6. It occurs accom- 
panying argentic chloride in the mines of Mexico, Chili, 
etc. 

lodcvrgyrite, or argentic iodide, is a soft, sectile, yellow, or 
yellowish -green translucent mineral, occurring in lamellar 
flexible plates, or crystals belonging to the hexagonal system, 
possessing a resinous lustre and yellow streak; it is readily 
fusible before the blowpipe, to the flame of which it imparts 
a red colour, and if conducted on charcoal, the silver is 
reduced. It contains, when pure, 46 per cent, of silver, and 
occurs in Mexico, Chili, Coquimbo, Spain, etc. 

A compound of silver and mercury known as "Amalgam " 
occurs native, crystallised in cubes and other monometric 
forms, as also in the massive or amorphous state. It is a 
brittle body of a silver-white colour and streak, having a 
conchoidal fracture, a hardness of from 3 to 3*5, and varying 
in specific gravity from 10*5 to 14. This body has a very 
variable composition, for while some specimens agree with a 
formula of AgHg, others again have a composition repre- 
seQted by Agx2H^* It is found in %hQ Palatinate, in 
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Dauphin^, in Hungary, Sweden, France, Spain, Chili, Ata- 
cama, Coquimbo, etc. 

Of other minerals containing silyer, and which are avail- 
able as ores of silver when they occur in sufficient quantity, 
may be noted BrongmardUe 2[Fb,Ag2]S,Sb2S3; argentic 
carbonate or SeHnte (AggCOg); Telluric silver (Ag^e); 
NamnamniUy or argentic selenide (AggSe); Sterrihergtie 
SfFejAgJS^EegSg, or containing nearly equal proportions of 
silver, sulphur, and iron; PolyargyrUe, containing antimony, 
sulphur, zinc, lead, iron, and mlver; Xa/rUhoc<mey a compound 
of silver, arsenic, and sulphur, containing 64 per cent, of 
silver when pure; Mia/rgyrite (Ag2S,SboSo); hismvihie sUfoer 
(AgBi). Blende, iron pyrites, mispickel, etc., occasionally 
contain sufficient silver to render its extraction profitable; 
while argentifer<ms gcUena is the subject of general treatment 
for silver, the facility with which the silver may be concen- 
trated in the lead and subsequently separated by the process 
of cupellation, rendering its extraction profitable if it be 
present to the extent of not more than from 2 oz. to 3 oz. 
per ton of lead, and a similar remark extends to the extrac- 
tion of silver from certain copper ores. 

EXTBACTION OF SILVER FBOM ITS ORES. 

The great variety of processes still employed for the ex- 
traction of silver, in different parts of the world, and each 
one possessing advantages over the others for the treatment 
of the ores of particular localities, are rendered neces- 
sary by the great diversity existing in the associates of the 
metal, and also of the very large amount of materials that it 
is necessary to operate upon, owing to the argentiferous 
minerals often occurring minutely disseminated through 
large proportions of an earthy matrix or gangue, and in 
others more or less intimately mixed with ores or compounds 
of other metals, as galena, copper ores, etc. The methods 
employed for the separation of metallic silver from its ores, 
or metallurgic products in which it exists in notable quantity, 
may, however, be classed under three heads, viz. — - 

I. The different methods of amalgamation as employed in 
Mexico, Saxony, and elsewhere, based upon the solubility of 
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metallic silver in mercury, and the subsequent ready expul- 
sion of the latter on the application of heat to the amalgam. 
These methods include, 

1°. The Mexican methods of cmuil^a/mMion in heaps. 

2^ The Evo'opecm system of amiaJ^cmiation in casks, known 
also as the " barrel process,** 

3^ The methods of arnalgomiatiori in kettles or pans. 

II. Various wet methods, for the extraction of silver from 
its sulphides by first converting them into chloride or sulphate, 
which is then dissolved out by water, solution of common 
salt, or other suitable solvent, and the silver subsequently 
deposited by precipitation from the solutions so obtained, 
these methods including — 

1°. "Augttstin^s" method, by which the ore or cuprous 
regulus is converted into argentic chloride, which is 
then extracted by a solution of sodic chloride, and 
the silver afterwards precipitated by metallic copper. 

2°. The method of ^^ ZiervogeV* for the conversion of 
argentic sulphide into svlphate, which is subse- 
quently dissolved out by hot waiter, and the silver pre- 
cipitated as cement silver as in the Augustin process. 

3°. The method of " Von Pa^eral\ by which the argentic 
sulphide is converted into cMoride, which is then 
dissolved out by a solution of sodic hyposulphite, 
from which the silver is reprecipitated as argentic 
sulphide freed from other metals, the sulphide being 
then reduced by the application of heat. 

III. The methods in which the silver is concentraied in a 
quantity of lead, from which it is subsequently separated by 
the process of cupellation. The silver in argentiferous copper, 
copper matts, or other regulus, which was formerly separated 
by amalgamation methods, etc., is now separated by these 
methods, and very rich silver ores are also treated by these 
methods ; while, in fact, aM silver ores may be treated by 
fusion with galma or other lead-yielding product, with the 
separation of a larger proportion of silver iJian is effected by 
the amalgamation processes; but owing to the scarcity of 
fuel in certain localities, this method cannot be applied, and 
the methods of amalgamation are there accordingly more 
convenient and economical. 
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AMALGAMATION METHODS FOB THE EXTRACTION OF SILVER. 

The amalgamation methods, though entailing a consider- 
able waste of mercury as will subsequently appear, do not 
require the expenditure of much fuel, and the processes are 
therefore especially suitable to the requirements of countries 
like Mexico, Peru, etc., where fud and toater are scarce, and 
mea/na of transport expensive. These methods are also 
adapted to the treatment of refractoiy ores and such as con- 
tain but small proportions of silver, while the operations 
involved are more simple, and the extraction of the metal is 
more rapid, than in smelting methods; but these (amalga- 
mation) methods are not applicable to the treatment of ores 
containing any considerable proportion of lead or copper, 
since both of these metals are lost when the ore is treated by 
amalgamation; and further, the ores for amalgamation should 
be as free as possible from bismuth, nickel, and cobalt. Like- 
wise the amalgamation methods are attended with a larger 
loss of gold in titie case of auriferous silver ores than when such 
ores are treated by smelting processes. But the more modem 
and wet methods of Augustin and Ziervogel have, to a laige 
extent, supplanted the amalgamation works in Europe. 

116. Mexican Amalgamation Method. — Previous to the 
discovery of California, Mexico was the chief seat from whence 
we derived our supplies of silver, and the metal was wholly 
extracted by the amalgamation or " Fatio " process. This 
method, invented by Bartholom6 Medina about 1557, is, 
with only slight modifications, the method still pursued for 
the extraction of this metal in Mexico and other silver- 
yielding districts of America. 

The ores of Mexico are chiefly sulphurous ores, accom- 
panied by smaller quantities of native silver, by argentic 
chloride, bromide, and iodide, with some more complex com- 
binations of silver with antimony and arsenic, the ore 
yielding on an average about '25 per cent, of silver. 
Before the argentic sulphide (AggS), etc., can be acted upon 
by the mercury it is necessary to convert it into chloride or 
into metallic silver, so that the first portion of the process 
has for its object the conversion of argentic sulphide (Ag^S) 
into ai^entic chloride (AgCl), which, on subsequent treat- 
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ment with Tnercury in the amalgamation, is resolved into 
mercuroua chloride (calomel) and metallic silver thus — 

2AgCl + 2Hg - Hg^a, + 2Ag. 

The drea are first picked for the separation of the richer 
portions known as coloradoa, consisting of chloride, bromide, 
and iodide of silver, with native silver, from the portions 
containing silver in comhination with sulphur, antimony, 
and arsenic; while a still poorer portion is separated and 
rejected w worthless. The richer portions are treated separ- 
ately, and occasionally undergo a concentration by was^ng 
before treating for the extraction of the silver. 

The sorted ore is then stamped nnder stamps usually driven 
by water or mule power, and then ground with water to a fine 
powder or mud in a, grindlDg apparatus known es an "arrag- 
tre" or " lahorui." The stamps resemble the Cornish stamps 
employed for breaking tin ores, the stamp-heads being of 
wrought iron, and weighing from 100 lbs. to 200 lbs. each, 
and are raised by cams on a shaft moved by water-power or 
driven by mules. Each stamping-mill contains 9 heads, giving 
27 strokes, per minute, wi^ a fall of 22 inches, and the 
stamped ore falls on to a sieve formed by a strong hide per- 
forated with numerous holes of about half an inch in diameter, 
which is stretched over a pit on each side of the stamps. 
The a/rrastra, fig. GO, is a shallow pit of from 9 to 12 feet 
in diameter, and about 
1 foot deep, consisting 
of a circular bed of 
porphyry or other 
hard stone, set on 
end, smoothly dressed, 
and surrounded by a 
wooden tub. In the 
centre of the pit is 
pivotted a vertical 
shaft a, towards the 
lower extremity of 

which are attached Fig- 50.— Arrastka or Mexicab Geisd- 
four ladial arms, to ma AppARiTua. 

each of which is tied or attached by chains, a large more or 
19—11. "J 
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less rectangular porphyritic stone 6, by wMcli the grinding 
is effected, the rotation of the vertical shaft, and with it of 
these stones, being effected by moles attached to the pro- 
longed extremities, of two of the arms, or to an independent 
one inserted for this purpose, the mules making froin. 3^ to 
4 revolutions per minute. The ore from the stamping-mills 
is treated in this mill with the addition of a little water 
from time to time, and the grinding continued until a very 
fine mud or powder is produced, each arrastra grinding about 
10 quintals (1 quintal equals nearly 100 lbs. avoirdupois) of 
ore in the course of 15 hours. It is usual to place several 
of these arrastras in one shed or house, arranged in two 
rows, along the sides of the building. 

The ground ore is now removed to provisional tanks formed 
of masonry or rough boards propped up by large stones, the 
joints being luted with clay and horse-dung, in which the ore 
undergoes spontaneous evaporation from the heat of the sun. 
After dr3dng in this manner it is removed to the court-yards 
<ir patios of the smelting establishment, the floor of which is 
paved with stones, the joints of which are cemented to pre- 
vent the collection and loss of mercury in the crevices. Here 
the ore is placed in a heap, pile, or torta, of dimensions vary- 
ing with ike amount of the materials, a pile containing 50 
tons measuring about 50 feet in diameter, and is made from 
10 inches to 12 inches higL Upon the top of this heap is 
sprinkled from 1 per cent, to 5 per cent, of common salt 
(NaCl), which is iedlowed to melt gradually, taking care not 
to iise too much water in the operation, and to mix the 
materials so as to render the heap as homogeneous as pos- 
sible, the pile being trodden by horses, or mules, moving 
over it for several hours. The horses begin at the circum- 
ference and passing round, gradually work towards the 
centre, while a number of men shovel in and turn over the 
ore at the circumference, this trampling and mixing of the 
materials being known as a rq^aso* The mixture is now 
allowed to remain at rest for twenty-four hours or longer, 
when the process of incorporation or mixing with " magistral" 
ensues, the magistral being a substance produced by the 
roasting of yellow copper ore, or sulphide of copper and iron, 
at a carefully regulated and low temperature, so as to produce 
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as much cupric sulphate as possible. From 1 per cent, to 
2 per cent, of this substance is now mixed with the ore, the" 
incorporation being effected as before by the trampling of 
horses, while the mass becomes warm and spongy from the 
double decomposition between the cupric sulphate and sodic 
chloride in the mass. When the mixture is completed, mer- 
cury is added by squirting it from a leather or canvas bag 
over the surface of the heap, not more than two-thirds of the 
total amount of mercury to be added being made at the first 
addition, and this is mixed as before by a repaso or trampling 
of horses, mules, or men, or, latterly, a machine has been 
introduced for effecting this mixtiu:e. 

Samples of the mass are taken at intervals for assay by 
washing in a vanning bowl; and when the assays show that 
the process is progressing too slowly, then the addition of 
a further quantity of magistral is made; or if* it be too 
active from the presence of too much magistral, as indicated 
by the very grey and subdivided state of the mercury, it 
is retarded by the introduction of lime, chalk, or ashes ; 
while when the assay indicates that the whole of the 
mercury has been taken up, which happens after a period 
depending upon the nature of the ore, the purity of the 
ingredients added, the temperature, etc., a second addition of 
mercury is made to the extent of about three-eighths of the 
quantity originally added, the mixture being effected by the 
trampling of horses, and specimens taken for assay as before; 
while fresh additions of mercury in continually smaller 
amounts are made, until the assays show that the whole of 
the silver has been amalgamated with the mercury, which 
usually occurs on from the 25th to the 50th day, according 
to the above conditions of ore, temperature, elevation of 
place above the sea-level, etc. In this manner an amount of 
mercury, from four to six times the amount of the silver to 
be extracted, is added to the mass, a somewhat larger propor- 
tion being added than is necessary to complete the reaction in 
order to obtain a fluid amalgam, and prevent loss from the 
escape of a fine dust of an amalgam of silver and mercury, 
which exists in the earlier stages of the amalgamation, when 
there is an insufficiency of mercury present in the pile. 

The amalgamation being completed, the heap or torta, as 
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it is called, of ore or mud is transferred to large deep circular 
stone vats, where it is mixed with a further quantity of mer- 
cury, and a considerable proportion of water, the latter also 
running through the tank the whole time; while the mixture 
is agitated by a revolving paddle turned by mules. By this 
treatment the heavy amalgam, together with other heavy 
metalliferous matters, collect in the bottoms of the vats, while 
the lighter earthy impurities are held longer in suspension by 
the water, and are carried off by it. 

The fluid amalgam thus obtained from the vats is squeezed 
through strong canvas bags, by which the excess of mercury- 
necessary to retain the liquidity of the amalgam is forced out, 
aud is returned to the next amalgamation; while there remains 
behind a solid or pasty argentiferous amalgam containing 
about one^sixth of its weight of silver, this is compressed into 
triangular segments, which are transferred to the burning- 
house for the separation of the mercury by the application of 
heat to the amalgam. 

The burning-house consists of an iron stand or grate, with 
a hole through its centre, and upon which are placed the 
segments of the amalgam, six of the latter when placed 
together foi^ming a circular disc or annulus, with a hole 
through the centre; the iron stand communicates by a pipe 
from its centre with a vat or reservoir of water placed beneath 
for condensing the mercury, as it distils downwards on the 
application of heat The pile of amalgam, placed upon one 
stand, and weighing from 600 lbs. to 2000 lbs., is covered 
with an iron or copper bell (capeUina), measuring about 
3 ft. 6 in. in height, 1 ft. 6 in. in diameter, and 2 in. in 
thickness, which is suspended by a chain from above, the lower 
edges of the bell being luted down to prevent the escape of 
mercury except into the condensing vat beneath. Around 
the bell a loose open wall or brick cylinder is built, leaving 
an open annulus around the bell, in which a charcoal fire is 
made and maintained, when in about 8 hours (though this 
sometimes extends to 16 or 20 hours), the whole of the mer- 
cury is volatilised and condensed in the tank beneath, leav- 
ing a mass of spongy silver upon the stand, which only 
requires to be fused upon a cupel to fit it for commerce. 

The reactions involved in the Mexican amalgamation 



ItElCICAN AMALGAMATION PttOCESS. 245 

process are not well understood; but the first object in the 
process is to convert the argentic sulphide (AggS) into chlo- 
ride, effected by exposing a mixture of argentic sulphide and 
common salt to the action of air and moisture, as in the first 
stage of the process, when an amount of argentic chloride is 
produced; and, again, on the addition of magistraly the active 
constituents of which are cuprous and ferrous sulphates, 
double decomposition ensues, with a rise of temperature and 
the production of cupric chloride (CuClg) ^^^ sodic sulphate, 
thus — 

CuSO^ + 2NaCl = CuClj + NajSO^ ; 

while the cupric chloride so produced, in the presence of 
cuprous sulphate and sodic chloride, converts argentic sul- 
phide into chloride, probably in the following manner ; — 

AgjS + 2CuCla = 2AgCl + CuaCla + S ; 

while the resulting cuprous chloride (CugClg), together with 
a further proportion probably formed by the reaction of 
silver upon cupric chloride, thus — 

2Cua9 + 2Ag= 2AgCl + CujCaa, 

in the presence of air and sodic chloride, reacts upon a further 
portion of argentic sulphide, with the production of argentic 
chloride and a greenish-white residue of oxy chloride of copper, 

2AgaS+4CujCla + Oe=4Aga+2(CiiCl, + 3CuO)+S. 

The argentic chloride formed, as the result of these reactions 
between argentic sulphide, sodic chloride, and cupric chloride 
from the magistral, is then acted upon by the mercury added 
for the amalgamation, with the production of mercurous chlo- 
ride (HggClj) and metallic silver (p. 241^, which amalga- 
mates with the excess of mercury present. 

The loss of mercury in this process, or, as it is called, 
" consumed mercury ^^ amounts to from one-fourth to twice 
the weight of the silver extracted, the loss arising from the 
reduction of the argentic chloride by mercury as above noted, 
when the mercurous chloride (calomel) so produced is entirely 
lost; a further portion assumes a very fine state of division in 
the ore, known as ^ownw^, and is mechanically lost; while if 
a portion of the copper should still exist in the state of cupric 
chloride (CuOl^) from the addition of too much magistral, 
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theiii when tiie mercury is addedy a further loss is introduoed 
from the reduction of cupric to cuprous chloride (CugClg), 
with the consequent formation of mercurous chloride (Hg^Clg) ; 
and thus for the economical success of the operation, the mass 
should be as free as possible from cupric chloride when the 
mercury is added. To avoid the loss from the production of 
calomel (HggCl^), it has been proposed to use a copper amal- 
gam instead of pure mercury, by which it was thought to 
reduce the argentic chloride by the copper, while the silver 
so reduced should at once be taken up by the mercury, but 
the results attending its use have not been satisfactory. In 
lieu of the magistral, roasted iron pyrites is sometimes added, 
but a material containing copper is preferred; while instead 
of roasting copper pyrites for the production of magistral, it 
has been proposed to utilise the cupric sulphate produced in 
the "partirig house,** described when treating of gold. 

The loss of silver in the Mexican method of amalgamation 
is also considerable, amounting to from -Jth to ^th of the 
total amount in the ore. 

117. The Freiberg or European Method of Amalgama- 
tion. — ^The method formerly pursued at Ereiberg, and still 
carried on in Hungary, Spain, and some parts of Mexico, 
Nevada, Califomia, etc, d^ers from the last described, inas- 
much as the chhrination of the ore is effected in the dry way 
by roasting the ore in a reverberatory furnace with common 
salt; and the decomposition of the argentic chloride so pro- 
duced is effected by means of irony while the cmialgamattofi 
is conducted in revolving casks, instead of in heaps exposed 
to the atmosphere as in the Mexican process. Tfds method 
of amalgamation involves a larger expenditv/rs of fuel and 
water power than the Mexican plan, and both these agents 
are abundant in the localities where it is employed, but it 
requires the expenditure of mtuch less hibour with a decreased 
consumption of mercury » 

The ores treated at Freiberg by this process are of several 
classes, in which the silver amounts to fh>m 15 to 200 oz. per 
ton of the ore. They occur in combination with sulphur, and 
are accompanied by iron pyrites, with the sulphides of copper, 
lead, and bismuth, and occasionally also antimony and arsenic; 
but the presence of iron pyrites is essential to the success of 
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the process, and requires to be added if not present in suffi- 
cient quantity; while the ores should not contain more than 
from 3 per cent to 5 per cent, of lead (galena), or about 1 per 
cent, of copper, the ores containing these metals in larger 
proportions being much more conveniently and economically 
treated by dry smelting as described under lead, etc. The 
process is not therefore applicable to the treatment of argen- 
tiferous galenas, blendes, or copper pyrites, or to ores con- 
taining more than 1 per cent, of arsenic. 

The treatment of ores of silver by the Freiberg process 
involves four operations, viz. : — 

1°. Roasting with common salt in the presence of a suffi- 
cient quantity, about 25 per cent, of iron pyrites. 

2°. Grinding of the roasted product. 

3^ Decomposition by vyrought iron, and amwilgoimation in 
revolving barrels or casks, 

4^ Distillation of the silver amalgam. 

The ores having been reduced to powder and mixed together, 
so as to contain an average of from 30 to 40 oz. of silver per 
ton when treating poor ores, or from 90 to 130 oz. when 
treating richer ores, with sufficient pyrites (as determined 
by a previous assay) to carry on the necessary reactions, are 
mixed with from 5 to 10 or 15 per cent, of common salt 
(NaCl), and transferred in charges of about 4^ cwts. to flat 
bedded reverberatory caldners; that known as the Hunga/riam, 
furnace having a bed formed in two steps, the higher one 
being nearest the stack, while near the stack and over the 
frtmace are chambers (soot chambers or condensers), through 
which the gaseous current passes before reaching the stack, 
and in which metallic particles, etc., carried over with the gases, 
are deposited and collected. 

The roasting is conducted in two stages, in which the 
utmost care is required to properly regulate the temperature. 
The ore mixture is charged through a funnel-like tube on to 
the upper step or bed of the furnace, where it is roasted in 
an oxidizing current at a temperature gradually raised to red- 
ness, by which means water vapour and sulphurous anhydride 
are evolved, along with fumes of the oxides of arsenic and 
antimony, if these metals be present in the ore; while the iron 
pyrites is converted largely into ferrous sulphate. On the com- 
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[Jetion of this stage the temperature is raiBed, am the last 
named salt is decomposed, aa described in VoL I., p. 43, witli 
the evolution of solphuroua anhydride (SO^) and eulpharic 
anhydride (SO,), the latter by combination with the silver 
compounds producing argentic sulphate, which resists a much 
stronger heat than ferroiiB sulphate, without underling 
decomposition; while in the next stage, conducted on the 
lower bed of iho furnace, the ai^entic sulphate thus produced, 
and the common salt (NaCI) added with the chai^, react 
upon each other with the production of argentic chloride and 
eodic sulphate, 

Ag.SOi + 2NaCl =2AgCl + Na,SO„ 
an intimate mixture of the materials being maintained 
throughout, by continued rabbling or stirring of the mass 
through a side door of the furnace provided for the purpose. 
The ore loses about 10 per cent, of its weight during the 
roasting process, and the product, which has a brown colour 
from the presence of ferric oxide, etc., now contains the silver 
almost wholly in the state of aigentic chloride, with a little 
metallic silver; and, besides the earthy matters of the ore, it 
contains in addition cupric and ferric chlorides and sulphates, 
with common salt and sodic sulphate. It is now ground ex- 
ceedingly fine, any clots that may have been formed during 
the roasting being ground and put aside for recalcination 
with common salt The ore, after grinding, passes through a 
fine sieve or bolting-cloth, and is then conveyed to the amal- 
gamating barrels. 

The reduction of the ar- 
gentic chloride by scrap iron, 
and the amalgamation of the 
silver with mercury, is effec- 
ted in strong rotating wooden 



about 3 ft. in length, and 
2 ft 9 in. in maximum dia- 
meter, which are fixed upon 
horizontal axes b, b, and ro- 
tated by the spur-wheel c, 
Fig. 51.— Cask USED IN THE Euro- ^** ** o"e extremity of the 
PKAMMBTHODojAwiioAiiATioN, cssks, and wluch gears with 
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a driving wheel d, &g. 52, keyed to a shaft driven by water 
power, while a Buitable arrangement permits of the barrels 
being readily thrown in and out of gear so as to stop or start 
the rotation as required. The ca^s are well hooped eitil 
strengthened by iron bands, while the bung or stopper e, foi' 
closing the aperture employed for the introduction of the 
charge, is formed in two parts, viz., an outer annulus and a 
central plug, both of whidi are withdrawn for the introduc- 
tion of the ore and water into the casks, while the centnd 
part only is withdrawn for the introduction of the mercury, 
and withdrawal of the amalgam after the manner tu be 
described. About 20 of these 
barrels are arranged in one ma- 
chiue, while over each barrel, and 
resting upon the upper floor of the 
amalgamating houses, is placed a 
hopper or chest/, fig. 52, contain- 
ing the proper amount of ore re- 
quired for one chai^ of the 
barreL The cheat /"communicates 
with the barrel or cask by the 
funnel-shaped tube g, terminated 
by the flexible hose h, which is 
inserted into the aperture in the 
cask, and so the powdered ore is 
introduced; while a tank k holds ■ 
the amount of water required for 
each chai^ of the barrel, which 
it empties by a pipe into the cask, 
and the mercury contained in a 

reservoir ia connected with the Fig. 52. — Frbibkro Bakrei, 
apparatus by the trough b. Amaloahatiom Apparatus. 

In charging the casks, they are placed with the aperture 
in a vertical position, and about 33 gallons of water suc- 
ceeded by about 10 cwt ot the roasted ore, and finally from 
80 to 100 or 110 lbs. of woaght iron, in the form of small 
bars of about \\ in. square and |ths in. thick, are introduced. 
The stopper or bung is then screwed in and secured as shown, 
after which the barrels are set in rotation, at, the rate of from 
14 to 16 revolutions per minute, and the rotation continued 



^60 UETALLUBOY. 

for a period of from 1|- to 2 hoxirSy durmg wHch process ihe 
soluble salts formed during the roasting operation are dis- 
solved out by the i¥ater. 

After revolving for some time the temperature gradually 
rises, and a double decomposition ensues between the arg&fUio 
chloride aud the wrought iron^ by which ferrous chloride is 
formed, and metallic silver liberated; and at the same time 
ferric and cupric chlorides, present in the mother liquor, are 
reduced by the iron to the state of ferroiTs and cuprous chlo- 
rides respectively. The contents of the casks are now in a 
state of perfect incorporation, and should have the consist- 
ency necessaiy to allow of its thorough mixture and the ready 
arrudgarnation of the silver with the mercury without being 
too fluid, otherwise the mercury falls directly to the bottom 
of the barrel without becoming thoroughly incorporated with 
the charge, which should how occupy about two-thirds of the 
capacity of the barrel. The rotation is now stopped, and the 
central plug of the stopper e withdrawn, when about 5 cwt. 
of mercury is run from the trough h into each barrel; and 
after reinsertion of the stopper, the whole is agaru set in 
motion at the rate of from 16 to 20 revolutions per minute, 
the speed of rotation being important, for if too slow the 
materials adhere to the sides of the cask so firmly that no 
subseqent movement suffices to detach it, while if too qidck, 
the action proceeds with increased rapidily, and the tem- 
perature rises too high, a temperature of about 32® 0. (90® F.) 
appearing to be best suited to the process. 

When the amalgamation is judged to be complete, the 
rotation is stopped. The casks are then almost filled up 
with water and the motion resumed, but more slowly, for 
about two hours, so as to better collect into one mass the 
dispersed globules of amalgam, when the revolution again 
ceases and the casks are turned with the bung or stopper 
e downwards, so that on withdrawing the central portion 
of the bung and inserting into the aperture a leather tube 
fitted with a stop-cock and mouthpiece, the amalgam can 
be drawn off into the trough m, which conveys it to a tank 
where it is agitated or stirred continually by a rotating ver- 
tical spindle carrying vanes or arms; and by this treatment 
the heavy amalgam is separated as thoroughly as possible 
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from the tmcombined mercury and other residues accom- 
panyingit. 

llie residue left in the casks, after drawing off the amal- 
gam, often retains from '008 to '016 per cent, of silver; it is 
emptied into the middle trough or channel n, and passes in 
its course through an iron grating or sieve to separate the 
pieces of iron from the argentiferous mud, etc.; when the 
latter, if it holds upwards of 4 oz. of silver per ton, is, after 
well washing to separate the earthy matters as thoroughly 
as possible, then dried, re-roasted, and again amalgamated. 
The mother liquor obtained from the casks, as also from the 
washing of the mud, contains sodic chloride and sulphate, 
ferrous and manganous sulphates, with small quantities of 
phosphates, eta 

The amalgam obtained in the above manner is introduced 
into strong canvas bags as in the Mexican process, when, on 
the application of a gentle pressure, a fluid amalgam of mer- 
cury and silver containing from '003 to '005 per cent, of the 
latter exudes through the material of the bag, and is again 
used in a subsequent amalgamation; while a pasty or semi- 
solid amalgam consisting of about 84 per cent, of mercury, 
with from 10 to 12 per cent, of silver, about 5 per cent, of 
copper, together with traces of tin and lead remains, and is 
subjected to the fourth or distilling operation. 

The decompositions carried on in the amalgamating barrels 
are not confined to the reaction between argentic chloride 
and metallic iron, but other metallic chlorides produced 
during the roasting process are also reduced by the iron, and 
pass in larger or smaller proportion into the resulting amal- 
gam, while any metallic copper thus separated immediately 
reacts upon argentic chloride, with the formation of cuprous 
chloride, and the precipitation of metallic silver; and it is 
desirable that these reactions, especially the reduction of 
argentic chloride, ferric chloride, and cupric chloride, to 
metallic silver with ferrous and cuprous chlorides respec- 
tively, be as complete as possible before the addition of the 
mercury, otherwise a loss of mercury occurs from the pro- 
ducMon of calomel in the same manner as described in the 
Mexican plan of amalgamation, p. 245. 

The distiUoHan of the cmialgam was originally conducted 
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per deacenMum in an appaJuttiB (fig. 53) consiBtiiig of ein&U 
brick fiuTiaces, several of which are biult together. In the 
bottom of theae is an iron drawer or 
receiver containing an iron basin filled 
■with water, in which rests the foot of 
an iron tripod or stand carrying a 
number of flat dishes (usuaUy five), 
which ate each chaiged with about j 
cwt. of the amalgam. Over the tripoo 
is placed an iron bell, and around the 
upper portion of this, and between it 
and the masonry (the top being closed 
by a eliding iron plate) was made a 
Fig. 53.— Fdrnacb fob charcoal fire, by which the heat was 
IBS BiBTiLLATioH OB gradually and carefully raised, only at- 
■AMiWiM- taining its maximum after the lapse of 6 

01' 8 hours ; while care is taken that the temperature be never 
allowed to become sufficiently high as to volatilise any of the 
silver along with the mercury; yet if the temperature be too 
low, the silver is only imperfectly filled from mercury, and a 
loss of the latter is entailed. The mercury distilled from the 
amalgam in this manner is condensed in the water in which 
the apparatus stands, cooling of the latter being further 
promoted by the circulation of cold water around it. The 
spongy metallic mass left in the dishes after this treatment 
is often very impure, containing but about 75 per cent of 
silver, the residue consisting largely of copper along with 
lead, bismuth, zinc, and antimony in variable proportions; 
and to free it from these impurities it is melted either in 
crucibles or on the bed of a reverberatory furnace, and stirred 
or rabbled with an iron rod, by which means the oxides of 
arsenic, bismuth, zinc, and antimony escape largely as white 
fumes, while a proportion of the oxides of copper and lead 
collect Bs a scum on the metal, and are removed before cast- 
ing the metal into ingots; the silver now contains about 
68 per cent, of the pure metal, but for the complete separa- 
tion of the impurities, especially of copper, it is alloyed with 
a further quantity of lead, and subjected to the operation of 
cupellation. 

To overcome the difficulty arising from cracking of the 
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bells and the incomplete separation of the mercury in the 
above distillatoiy apparatus, iron retorts, fig. 54, have been 
substituted. These are 
formed of an iron body 
a, of the shape of a cruci- 
ble of about 11 inches in 
diameter and 20 inches in 
height, to which is fitted 
a hood or neck 6, and a 
condensing tube <?, both of Fig. 54. — Betort for the Distil- 
iron, the latter passing lation of Amalgam. 
through a cistern (d) of water for keeping it cool; but it 
is advisable to supersede the latter by making the tube (c) of 
sufficient length and diameter to condense the mercury without 
recourse to the cooling by water. The crucible of the retort 
is heated by a charcoal fire, when the mercury distils off and 
collects as in an ordinary distillation in a receptacle e, at the 
end of the condensing tube. The crucible is lined internally 
with a coating of lime, as is also an iron plate placed within 
the retort, and to which the spongy silver adheres when the 
distillation is completed. For this apparatus the charge is 
about 4 cwts. of the amalgam, from which the mercury is 
distilled in about 10 hours. 

Another form of the cast-iron retort consists of a cylinder, 
the front end of which is fitted with a movable cover which 
is affixed when the charge of amalgam has been introduced, 
while from the highest point of the rear or closed end of the 
retort the mercurial vapours are conveyed downwards by a 
pipe, which is cooled by the circulation of water around it. 

The silver obtained as the result of these distillations is 
still alloyed with small proportions of various other metals, 
and is hence subjected to a preliminary refining by melting 
the metal in a crucible, with its surface covered with char- 
coal, the latter, along with dross, etc., being subsequently re- 
moved from the surface by a perforated ladle, and the opera- 
tion repeated until the surface of the melted metal becomes 
perfectly clear, upon which it is cast into ingots, and is then 
ready for the mint. 

In the European method of amalgamation the loss of 
mercury amounts to from 20 per cent, to 25 per cent, of the 
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amount of the fine silver produced, or about '05 per cent, of 
the weight of the ore amalgamated, thus effecting a consider- 
able saving in mercurj over the Mexican plan of amalgama- 
tion; while the loss of silver in the Freiberg (European) pro- 
cess is only from 5 per cent, to 9 per cent, of that contained 
in the ore, as against from 12 per cent, to 25 per cent, lost 
in the Mexican method. 

118. Amalgamation of Copper Begnlns. — If copper 

regulus, i.e,f the product produced in copper smelting corre- 
sponding to the Welsh fine rnetal^ or the black -copper 
obtained in the Mansfeld and other continental copper 
smelting works, contain upwards df *025 per cent, of silver, 
it may be extracted by the European method of amalgama- 
tion; for which purpose the regulus is heated to redness in 
a reverberatory furnace having a bed of cast-iron, and broken 
when hot by stamps, reheating and stamping again being 
repeated until the material is sufficiently fine: after which 
it'is ground between stones to a fine Wd-, and then 
roasted in charges of about 4 cwt. each on the bed of a 
reverberatory furnace, the mass beins^ continuallv rabbled 
during the iLting. When this roasting is com/leted the 
mass is raked from the furnace, allowed to cool, and mixed 
with from 7 to 10 per cent, of conunon salt, and a like amount 
of calcic carbonate, which mixture is made into a paste with, 
water, then dried, and finally reduced to a fine powder, when 
it is roasted a second time at a much higher temperature 
than before. The argentic chloride so produced is usuaUy 
decomposed by copper or iron in casks similar to those 
already described for the Freiberg process, and in which the 
amalgamation is effected, the treatment and amalgamation 
of the roasted regulus being conducted after much the same 
manner as that already described; while the silver is refined 
as before by fusion in black lead crucibles. But the silver 
from highly argentiferous copper matts or regulii is always 
extracted by treatment according to the wet methods of 
Augustin or Ziervogel, 

119. Amalgamation of Argentiferons Speise. — ^The com- 
pound of nickel, cobalt, iron, arsenic, and antimony, with 
bismuth and other metals, frequently containing also siQphiiry 
and which constitutes the speise produced in the Saxon works 



AMALGAMATION OF ABOENTIFEBOUS SPEISE, 255 

during the manufacture of smalts, often contains from 10 grs. 
to 100 oz. of silver per ton, and this is usually extracted by 
the amcdgamation method, for which purpose the speise, after 
being ground to powder, undergoes a preliminary treatment, 
by which a portion of the arsenic and other volatile elements 
are volatilised in the form of arsenious anhydride, etc. The 
residue from this roasting is sifted to separate clotted and un- 
oxidized portions, and after again grinding to a fine powder 
is mixed with about 8 per cent, of common salt and 2 per 
cent, of ferrous svlphate, and then roasted as in the Freiberg 
process, when the resulting product, containing the silver in 
the form of argentic chloride, is treated in barrels or casks 
along with wrought iron, and subsequently arrudgam^ited after 
the European method of amalgamation. The loss of silver in 
this treatment amounts to about 15 per cent, of the amount 
originally contained in the speise, whUe the waste of mercury 
is only about 15 oz. per ton of material operated upon. 

In Upper Hungary the treatment is somewhat different. 
¥he speise, containing about *28 per cent, of silver, is mixed with 
2 percent, of limestone and roasted for about 5 hours on each 
of the hearths of the Hungarian furnace described on p. 247, . 
after which the roasted ore is sifted, mixed with 1 per cent, 
of lime and 7 per cent, of common salt, and again roasted 
during about 6 hours; when after cooling, grinding, and 
mixing with a further proportion of lime, it is made into a 
paste with a solution of common salt, then introduced into a 
cask along with metallic copper and rotated at the rate of 
about twenty-five revolutions per minute during five hours, 
on the completion of which an addition of mercury to the 
extent of about one-third the weight of the ore is made, and 
the rotation continued at the rate of some eighteen revolu- 
tions per minute during a further period of fifteen hours. 
The amalgam thus produced affords, after squeezing out the 
excess of mercury, a granular mass contaimng about 18 per 
centb of silver. 

120. Method of Amalgamation in Eettlea. — In this 

method, known also as the hot amalgam^jiMon, the ores are 
treated in kettles with copper bottoms, whereby the silver is 
precipitated from its chloride, bromide, or iodide, and subse- 
quently amalgamated by the addition of mercury; the 
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metbod is, however, only applied to the treatment of certain 
comparatively rich ores containing chloride, bromide, and 
iodide of silver, accompanied also by native silver^ and is 
chiefly in use in South America. 

The ores are crushed and ground to a fine powder, concen- 
trated if necessary by careful washing, and then mixed with 
a large proportion of water, thus forming a thin mud which 
is introduced into ketUea or boilers provided with copper 
bottoms.* The contents of the kettle are now heated to 
boiling by a wood Are maintained in a flreplace beneath the 
kettle, when from 10 to 15 per cent, of common salt is 
thoroughly mixed with the charge, after which a quantity of 
mercury is added and incorporated with the mixture by 
continuous stirring, the temperature of the contents of the 
kettle being kept up throughout the process, while samples 
of ^he amalgam ate removed at- intervals, and fi'om their 
examination the attendant determines when the amalgama- 
tion is completed, as also whether any and how much more 
mercury it is necessary to add to complete the operation, the 
whole treatment usually lasting from Ave to six hours. The 
amalgam thus obtained is treated according to the methods 
already described by distillation in iron retorts, the silver 
produced requiring, as before, to be fused and refined before 
casting into ingots for commerce; while the earthy residues 
left after the separation of the amalgam frequently retain 
sufficient silver to render them worth treatment by tho 
method of amcUgmnation in hea/ps. 

The consumption of mercury in this process is usually 
somewhat less than the weight of the silver extracted, in 
which respect it thus stands intermediate between the 
Mexican and European plans of amalgamation. 

WET METHODS FOB THE EXTBACTION OF SILVEB. 

For the treatment of argentiferous metallurgic products, 
as copper or other regulus, matts, speise, etc., and of such 
ores as are suited to the amalgamation processes, wet methods 
of extraction have largely superseded the older methods of 

* J^ambom, Metallurgy of Silver^ 
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liquation and amalga/mation ; the wet processes being alike 
Tnore svmple, less costly, and more rapid' than the processes of 
liquation and amalgamation, besides exceeding these opera- 
tions in the completeness of the extraction of the silver, and 
in being much more healthy for the labourers employed upon 
them, while avoiding the large loss arising from the con- 
sumption of mercury in the amalgamation processes, and not 
requiring the amount of fuel necessary for the methods of 
liquation or fusion with lead. The ores for treatment by 
the wet methods should not, however, be too rich in silver, 
and at the same time they are required to contain but small 
proportions of lead, zinc, antimony, or arsenic, especially if 
for treatment by the process oi Ziervogel j while the presence 
of either cuprous siQphide or iron pyrites is necessary to 
produce the reactions of the roasting stage of these processes. 

The more important wet methods for the extraction of 
silver from ores, regulus, etc., are — 

L The method of Augvstin, in which argentic chloride, 
formed by roasting the ore or regulus with common salt, is 
extracted by a solution of common salt, and the silver precipi- 
tated therefrom by metallic copper. 

II. ZiervogeVs process, in winch, by a careful roasting of 
the ore or regulus, the iron, copper, etc., are converted into 
oxides, while the silver is converted into the soluble sulpliate, 
which is then extracted by warm water, and the silver separ- 
ated by precipitation. 

III. Von Paterc^s method, in which the silver is converted 
into chloride after the manner employed b/Augustin, and 
the argentic chloride then dissolved out by a cold solution of 
sodic-hyposv^hite (NagSgOg); from which solution the silver 
is again precipitated as ^uiphide by the addition of sodic- 
sulphide, and 'the silver extracted from this sulphide by 
heating in a retort or muffle. 

121. Angastin'8 Method of Extracting Silver. — This 
method, employed in Saxony, Hungary, Swansea, etc., for 
the extraction of silver from copper regulus, a/rgentifenrous 
copper ores, argentiferoiis pyrites, etc., depends for its success 
upon the production of argentic chloride by the careful roasting 
of the cuprous product with common salt, after the manner 
and according to the reactions described under the Freiberg 
19—11. B 
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process of amalgamation, page 247, together with the solu- 
bility of the argentic chloride so produced in a hot solution of 
common salt; from which solution the silver can be precipi- 
tated by metallic copper. This process, accordingly, differs 
from the Ereiberg or European method of amalgamation 
only in the method of extracting the silver from the argentic 
chloride produced in the roasting operation ; Augustin 
substituting a solution of common scUt for the mercuiy 
employed in the amalgamation process. 

The argentiferous copper ores are smelted, as in the 
ordinary course of copper smelting, for the production of a 
regulus or matt containing from 60 to 70 per cent of copper, 
with from *4 to '5 per cent, of silver, such a regulus contain- 
ing, as usual, iron with small quantities of antimony, arsenic, 
etc.; but it is desirable that the m>aU to be treated by this 
process should be as free as possible from these latter ele- 
ments. The regulus is broken up and stamped while in a 
moist state, or is ground between rollers to a very fine powder, 
which is then passed through a sieve of some 1600 or 2000 
meshes to the square inch. The finely-powdered regulus 
is now transferred, in charges of frt>m 4 to 12 cwts., to the 
hearth of a reverberatoiy furnace, where it is roasted during 
five hours; in the first stage of which, lasting from two to 
two and a half hours, the temperature is careftdly regulated 
so as not to rise too high, while the mass is kept continually 
stirred, and during this period sulphurous anhydride is copi- 
ously evolved; while in the second stage, lasting from two to 
three hours, the heat, gradually rising in the previous stage, 
now becomes considerable, and is attended with the evolu- 
tion of white fumes of sulphuric anhydride (SO3), produced 
chiefly by the decomposition of the ferrous and cuprous sul- 
phates formed during the oxidation in the first stage. The 
roasting again requires considerable care that tne temperature 
be raised sufficiently high to decompose the whole of these 
sulphates (especially the ferrous salt), converting them into 
oxides whilst leaving the argentic sulphate undecomposed. 
The ore is thus roasted quite sweet, and a portion taken out 
for trial from near the fire-bridge should, on treatment with 
water and common salt, leave on filtering a solution having 
fb faint blue tint^ but if any green colour is discernible, it 
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indicates the preaenco of ferroua snlpliate, and the roasting 
is not completed. The roasted mass, which has no'w a 
brown, earthy appearance, is raked irom the furnace, allowed 
to cool, and then ground to a fine powder under rolls; after 
which it is again introduced, but in smaller diarges, into the 
calciner or reverberatory furnace, where it is roasted for a 
Bbort time, and then mixed with about 5 per cent, of com- 
mon salt, and the roasting continued, with frequent stirring, 
during a further period of about three hours. By this means 
the Sliver is converted into chloride, according to the reac- 
tions already explained, page 248, when the mass is with- 
drawn irom the funiace to be lixiviated. 

The Hxiviation of the roasted and dUoriniaed ore is con- 
ducted in tuba or barrels 
a, fig. 65, possessing false 
bottoms, formed by plac- 
ing upon the true bottom 
of the tub a wooden cross 
h, on which is placed a 
perforated disc or board, 
which is again covered with 
a layer of twigs or straw, 
over which is again 
stretched a linen cloth, the 
whole forming a kind of 
filter; while communicat- 
ing with the space between 
the true and false bottoms 

is a cock e for drawing off Fig, 65.— Tub tsed fok LAtviatton 
the solution. A aeries of m Auousrai's Pbocess. 

these vats are arranged in tiers, while into each vat or tub 
of the top tier is introduced about 8 cwt. of the materials 
still heated from the roasting process, and on to this is directed 
&om the tank a, fig. 66, along the trough b, a hot and tolei^ 
ably strong solution of common salt, which is distributed over 
the sorface of 'Uie charge by the small pipes c, c, and through 
a perforated top, thus rendering the solvent action as uniform 
as possible, by preventing the formation of channels within 
the mass. The materials for lixiviation being hot, steam is 
generated in the tubs, and ^^ finely-divided argentic chloride 



S60 HETALLUBOT. 

is dissolved by the solu'Uon of brine, 'which solution filters 
through the &lse bottom of the va,t, and is then drawn off 
through the stop-cock into a aetUvng vat placed above the 
uppermost tub d shown in the figure, and where any partidea 
mechanically held in suspension are allowed to sulmde; after 
which the liquid is drawn off into the first of the series of 
precipitating vats placed on the tier immediately below the 
last. The precipitating Tata are similar in construction to 
the first described, except that there is placed upon the blse 
bottom a layer, some G or 7 inches in depth, of cement copper, 
which decomposes the argentic chloride, with the production 
of cuprous chloride and the precipitation of met^lic silver; 



the pretapitation of the whole of the stiver being ensured by 
withdrawing the liquor from the last tier to a second tier 
{d) of precipitating vats placed immediately below; and after 
remaining here some time, the mother liquor is drawn ofiF 
into the last tiers of vats e,f, containing metallic iron, and in 
which the cuprous chloride formed in the previous reactiona 
is decomposed, with the deposition of cement copper, and 
the production of ferroas chloride. 

The solution of brine ia passed over the chat^ of roasted 
materials in the first or lixiviation tub, so long as it dia- 
Bolvea out any argentic chloride, as determined by the non- 
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deposition of a silver coating upon a plate of copper introduced 
into the stream running from the stop-cock. Aid the cement 
copper deposited in the last vats is returned a^ intervals to 
the precipitating vats, whereby the same copper is made to 
do duty for two or three times; while the brine escaping from 
the last tubs is exposed to the atmosphere for some time, by 
which a great portion of the ferrous salts are oxidized, with the 
deposition of the iron in the form of a basic ferric salt, and the 
sodic sulphate produced during the roasting of the ore with 
common salt is either separated by evaporation or reconverted 
into common salt by the addition of cuprous chloride. The 
brine thus freed from iron and sodic sidphate is also returned 
to the reservoir h at the top, where it is heated and again 
used for a subsequent lixiviation. 

The residues from the lixiviating vats consist largely of oxide 
of cdf>per, and should not contain more than '035 per cent, 
of silver, when they are at once treated by fusion for the ex- 
traction of their copper; but if the residues are found to con- 
tain more than this limit of silver, they are re-roasted and 
again lixiviated before treating for the extraction of their 
copper. ^ is a drainer on to which the contents of the 
vessels (n) are emptied after the lixiviation is completed, so 
as to completely drain off any liquid portion. 

Instead of drawing off the brine from the bottom of the vats 
in the manner described, an improved plan is adopted at Swan- 
sea, in which a tank is divided into four compartments, the 
brine flowing into the first compartment, which it fills, and then 
overflows the partition into the second compartment through 
which the liquid descends and passes by a communication in 
the bottom to the third compartment, through which it 
rises and overflows the partition into the fourth; scrap or 
cement copper being placed in the second and third com- 
partments, after the manner described in the use of the vats. 

The cement silver obtained from the precipitation vats is 
contaminated with particles of copper, from which it is freed 
by treatment with dilute hydrocldoric acid. The silver is 
collected after every 8 or 10 days, dried, and transferred to 
the refinery before being forwarded to the mint. 

The loss of silver in this method of treatment is from 8 to 1 2 
per cent, of the assay produce of the regulus imder treatment. 
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122. Zienrogers Method of Eztraetingr Silver. — This, 

whichforms the most simple and economical plan for the extrac- 
tion of silver^ was introduced in 1857 at the Mansfeld works 
for extracting the silver from the argentiferotis copper schist 
occurring in the district; and it has almost entirely superseded 
the method of Augustin previously in use, notwithstanding 
that it labours under the disadvantage of requiring that the 
ores be pure, and tolerably uniform both in composition and 
character; while the roasting, which constitutes the most im- 
portant stage of the process, requires very considerable skill 
and care for its satisfactory performance, so that, as will be sub- 
sequently noted, a combination of the methods of Augustin 
and Ziervogel has been adopted at Swansea and other dis- 
tricts for the extraction of silver from argentiferous ores. 

The Ziervogel process is not well adapted to the ext^justion 
of silver from ores containing lead, zinc, a/raemc, or <mtimonyy 
being inferior to the method of Augustin for the treatment 
of such ores, since in the former (Ziervogel) process in- 
soluble arsenates and antimoniates of silver are produced 
in the roasting and escape decomposition, causing thereby a 
loss of silver to the extent of about *0015 per cent, of the 
weight of regulus treated. 

For treatment by the Ziervogel process, the copper schist 
is smelted as in the ordinary process of copper smelting, so 
as to give a regulus or fine rtietal containing from 60 to 70 
per cent, of copper, with 6 or 7 per cent, of iron, and from 4 
to 6 per cent of silver, and which is then subjected to treat- 
ment by the Ziervogel process proper, involving, as noted 
above, two distinct operations: 1°, roasting of the finely- 
divided regulus until the iron, copper, etc., are converted 
into insoluble oxides, while the silver remains as a soluble 
sulphate; and 2°, lixiviation of the roasted mass with vxirm 
water, whereby the argentic sulphate is extracted, and sub- 
sequently treated with metallic copper for the precipitation 
of its silver. 

The regulus is ground to a fine powder imder gninite rolls, 
and sifbed through a sieve of from 1300 to 1500 meshes to the 
square inch, after which the charge of fr*om 5 to 6 cwt. as em- 
ployed at Mansfeld, or of about 12 cwt. adopted at Swansea, 
coxisisting ofj^resh regulus mixed with about one-sixth of its 



iSlEBYOGEL^ld METHOD OF EXTEACTING SILYEB. 26^ 

■weight of the imperfectly desilverised residues from a previous 
treatment, is transferred into a long reverberatory furnace, 
"Where it is roasted with the greatest care; or double-bedded 
furnaces have been used for this purposer, in which the upper 
bed formed a closed chamber or muffle heated from beneath by 
the flame passing over the lower bed, and from above by the 
flame deflected backwards and forwards in its course through 
a series of depositing flues or chambers built over it, and in 
which any particles mechanically carried over by the current 
of gases through the furnace are deposited, but the mechanical 
difficulties attending the use of this furnace have prevented 
its general adoption. The temperature of roasting is at firat 
very moderate, during which the charge is frequently stirred 
and the heat gradually i-aised, while in about 1 J hours the 
mass wiU have attained a cherry-red heat which is continued 
during about 10 hours, when the roasting approaches comple- 
tion; or if the double-bedded furnace be employed, the first 
stage of about 5 J hours is conducted upon the upper bed, 
when the mass is raked through an aperture on to the lower 
bed where the roasting is completed. 

Trial samples are withdrawn from the furnace towards the 
end of the operation and dissolved in water, when, if the 
solution shows a faint blue colour without any tinge of green, 
the operation is considered complete. 

The roasting, as in Augustin's process, is attended in the 
earlier stages with the evolution of sulphurous anhydride, 
succeeded towards the end, as the temperature increases, by 
white fumes of sulphuric anhydride (SOg); while a loss of 
about 7 per cent, of the silver originally present occurs 
during the roasting process. 

On the completion of this roasting, the charge which is of 
a dark colour, not clotted, but forming a pulverulent powder, 
is transferred for lixiviation to a series of tubs with false 
bottoms, and arranged in tiers (fig. 56), as described under 
the last article; while at Swansea, tanks, instead of tubs or 
barrels, are employed for this operation. The charge of from 
4 to 5 cwt. of die roasted product, previously allowed to cool 
down, is introduced into each of the 10 tubs (A) of the upper- 
most tier, when watery a little sulphuric acid, and the mother 
liquor from a previous lixiviation, after the separation of its 
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copper and reheating by steam to about 87°C. (1S8°F.), are 
introduced on to the surface of the materiale in the vats. 
These liquids, percolating through the maas of roasted powder, 
extract the soluble compounds, amongBt which is argentic 
sulphate, about 2J bouts being thus required for the extrac- 
tion of the soluble salts from each charge, while the presence 
of a little free sulphuric acid in the solution -prevents the 
formation of basic salts. The solution, as it collects in the 
bottom of the vats, is drawn off into the first compartment 
(B) of the simple settling vats, from which it paases onwards 
into the second division C, separated &om B by a partition 
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which does not reach quite to the top, and over which the 
liquid flows from B to C; from C the solution is distributed 
into the ten precipitating vats E, each provided like A with 
false bottoms, upon which are placed some 10 Iba. of granu- 
lated copper, BjtA about 2^cwt. oi hlieter eopp(nrm.har» ; BMA'iia 
these vessels the silver is precipitated as cement silver, while 
the liquid passes into the wooden trough F, on the bottom 
of which is a layer of small pieces of copper. The liquors are 
now introduced into the tuMi G, also with false bottoms, and 
upon which is placed a little granulated, together with small 
bars of copper, after passing over which the desilverised 
fluids are conveyed by a gutter a to a pan where they are 
reheated to 87°C., again rused to the top of the apparatus, 
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and used again in the lixiviation of a farther charge intro- 
duced into the lixiviating vats. The vat N is employed for 
washing and treating the residues from G. 

The silver almost wholly collects in the first of the preci- 
pitating vats, only a small proportion passing on to the lowest 
tier, and the deposited silver is collected therefrom at intervals 
of about 24 hours, when it usually contains about 20 per cent. 
of impurities, consisting of calcic sulphate, cupric sulphate, 
metallic copper, etc., of which the two former are extracted 
by repeated washing of the deposit, while the latter is largely 
removed by acting upon the metal with dilute hydrochloric 
acid; when, after refining by fusion, the silver is ready for 
forwarding to the mint. 

The loss of silver in the Ziervogel process amounts to from 
6 to 7 oz. per ton of the regulus treated; but the refined 
copper produced at Mansfeld from the residues, after treat- 
ment by amalgamation and Augustin's process, yields from 
•0388 to -0631 per cent, of silver,* whilst in 1861, with the 
introduction of the Ziervogel process, the refined copper con- 
tained only "0215 per cent, of silver. 

128. Extraction of Silver by the Combined Methods of 

Aagustin and Ziervogel. — ^At Swansea, a combiaation of the 
methods of Ziervogel and Augustin is adopted in the treatment 
of certain classes of argentiferous copper ores, according to 
which plan the ores are first roasted as in the Ziervogel pro- 
cess for the production of argentic sulphate, which is extracted 
as thoroughly as possible by means of hot water, when there 
is usually left in the residues about 20 oz. of silver in the ton, 
for the extraction of which the residues are dried and care- 
fully re-roasted with an admixture of about 3 per cent, of 
common salt, when the argentic chloride so produced is ex- 
tracted by a solution of brine (NaCl) according to Augustin's 
method, and by this means a further proportion of from 12 
to 14 oz. of silver per ton of material is extracted, leaving 
from 6 to 7 oz. per ton which is lost. 

124. Loss of Silver in its Extraction. — ^The loss of silver 
in treating the matts produced in the smelting of the argen- 
tiferous copper schists of Mansfeld, amounts to nearly 10 per 
cent, of the silver present, if treated by the amcdgamatiorh 
* Phillips* Metallurgy of Gold and Silver, 
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process; by AugustiTis process to about 8 per cent. ; -while in 
ZiervogeCs process the loss forms less than 1 per-cent. of the 
silver originally present in the regains. 
125. Ton Patera's Method of Extracting Silver.— This 

method, applied to the rich ores of the Joachimsthal district 
of Bohemia, is based upon the ready solubility of argentic 
chloride in a solution of sodic hyposulphite (NagSgOg), a 
quality first observed and communicated in a paper by Dr. 
Percy in 1848. The extraction of silver by this method, 
like the "wet methods already described, involves ^bitr distinct 
operations, viz.: — 1°. Boasting of the ore in a particular 
manner, for the conversion of the silver wholly into argentic 
chloride. 2^ LixivicUio7i of the roasted mass in a solution of 
sodic hyposulphite. 3°. Precipitation of the metal as argentic 
sulphide by the cautious addition of sodium sulphide. 4°. 
Reduction and refining of the argentic sulphide produced in 
the last operatioiL 

The ores worked by this process are remarkably rich, con- 
taining an average of from 2 per cent, to 3 per cent of silver, 
while some varieties yield as much as 12 per cent, or 14 per 
cent, of the precious metal, the associates consisting of copper, 
iron, nickel, cobalt, lead, bismuth, sulphur, oxygen, arsenic, 
and antimony, the process being especially applicable to the 
treatment of rich ores containing nickel and cobalt, which it 
is desired to separate and utilise. 

The ore is first picked for the separation of the poorer 
portions, then reduced to powder and roasted in two stages. 
The first stage is conducted upon charges of about 4 cwt, 
placed upon the bed of a reverberatory furnace, of somewhat 
peculiar construction; and over which a current of steam 
passes during the roasting. Instead of the long hearth usually 
adopted in reverberatory furnaces, the furnace here employed 
has a hearth measuring about 6 ft. from the fire-bridge to the 
flue end, while from back to front it measures from 9 to 10 ft. ; 
i^Q fireplace also is only some 6 or 9 inches wide, but extends 
from back to front for nearly the full depth of the hearth, by 
which means a broad sheet of flame is maintained on the 
hearth, producing a very uniform temperature over every 
portion of its surface. Il)^^ fire-bridge, again, is tubular and 
narrow, and so absorbs little heat; while a number of open- 
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ings are made from it on to the hearth, so that, steam supplied 
to the bridge by a special boiler is distributed over the roast- 
ing mass. The bridge is frequently constructed of an iron 
tube coated with clay, and perforated with a number of 
openings on the side towards tiie hearth. 

After the introduction of the charge into the furnace, 
the heat is gradually raised imtil the mass attains a red 
heat, when the steam is admitted to the hearth, and the 
temperature maintained as high as possible without clotting 
the ore. This stage lasts about 4 hours, when the ore is 
withdrawn, and after cooling is ground to powder and mixed 
with from 6 per cent, to 12 per cent, of sodic chloride, with 
2 per cent, to 3 per cent, of ferrous sulphate, and returned 
to the furnace, when the temperature is gradually raised as 
before, and steam admitted when redness has been attained; 
the roasting being continued, accompanied with frequent 
rabbling or stirring of the mass during from 8 to 14: hours, 
according to the richness of the ore. During this second 
stage, or ^^good roasting*^ the ferrous sulphate added, as also 
the sulphates of iron, copper, etc., produced in the first roast- 
ing, suffer decomposition, the sulphiuic anhydride (SOg) 
evolved attacking the common salt, which, in the presence 
of steam, yields hydrochloric acid and sodic sulphate, thus — 

2NaCl+ SOa +H20=HCl+NaaS04, 

the former (hydrochloric acid) in its turn decomposing the 
argentic sulphide with the production of argentic chloride. 
The steam in addition serves also, by its condensation in the 
condensing chambers through which the vapours pass in their 
course to the stack, to collect therein a considerable amount 
of silver, which would otherwise escape in a fine state of 
division into the atmosphere and be lost. 

The roasted ore from the last operation is now subjected 
to the second operation or lidvicUion, for which purpose a 
charge of about 4 cwt. is introduced into a row of wooden 
tubs or vats, each provided with a filter or false bottom. 
The contents of the vats are now exposed to the action of 
hot water, so long as a precipitate is formed in the escaping 
liquid, on the addition of sodic sulphide (NagS). By this 
treatment any sulphates or chlorides of copper, iron, nickel. 
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cobalt, zinc, etc., tliat may be present are dissolved out, 'witli 
possibly a small proportion of silver salts; the metals of this 
solution being precipitated by the addition of lime-water, and 
subsequently smelted for their reduction. 

The washed ore, after cooling, is transferred in quantitiea 
of about 2 cwt. to each of another series of tubs or vats, re- 
sembling in construction those described on p. 259, fig. 55, 
when a cold solution of sodic hyposuIphUe (l^Sk^2^B) ^ 
conveyed from a reservoir and allowed to slowly percolate 
through the mass of materials, whereby it takes up the 
argentic chloride, producing a soluble double salt of sodium 
and silver, which filters through the bottom of the vessel 
into a trough, and is conveyed to the precipitating vats. 
The lixiviation with sodic hypostdphite generally lasts from 
12 to 14 hours, according to the richness of the ore, being 
continued so long as a solution of sodic sulphide (Ka^S) 
shows the presence of silver in the filtrate. 

The predpUation of the silver as argentic sulphide is con- 
ducted in vats holding from 40 to 80 gallons of the solution, 
and the precipitant (sodic sulphide), prepared by calcining a 
mixture of soda (soda-ash) and sulphur, and subsequently 
boiling the product with flowers of sulphur, is conveyed to 
the vats in stone jars, which are emptied into the vats, while 
a vigorous stirring is maintained during the addition. And 
it is necessary. for the success of the process that sufficient 
sodic sidphide be added to separate the whole of the silver, 
while avoiding an excess of the precipitant, since the liquid 
filtered from this precipitate is again used in a subsequent 
lixiviation, and any excess of so£c sidphide present would 
cause a precipitate of argentic sulphide with a corresponding 
loss of ffllver. To determine the neutrality of the solution, 
small quantities are removed in test-tubes and tried with 
sodic sulphide and silver solutions respectively, a black pre- 
cipitate by the former indicating a deficiency of sodic sul- 
phide; while the absence of a precipitate, on the addition of 
the last named (sodic sulphide), with the production of a 
precipitate by the silver solution, added to a fresh trial, in- 
dicates that an excess of sodic sulphide has been added; to 
neutralise which, a further portion of the argentiferous liquid 
is added, xmtil exact neutrality is attained. 
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The precipitated argentic sulphide is allowed to settle, and 
the supernatant Uquid syi^honed off and used again in the 
lixiyiation of a subsequent charge of the roasted ore; while 
the dark brown precipitate collected on the bottoms of the 
vessels is washed with water for the separation of sodic sul- 
phide, etc., then introduced into bags and pressed as dry as 
possible, when, after again washing and drying, it is ready for 
reduction. 

The reduction of the dried argentic sulphide is effected by 
heating it in a muffle, when iMa compound suffers decom- 
position with the elimination of its sulphur; and the silver 
so separated only requires refining hj fusion. For this pur- 
pose it is fused in graphite crucibles, along with metallic iron, 
by which treatment a regulus of iron rises to the surface 
and' is skimmed off, the complete absorption of the regulus 
being effected by projecting a mixture of bone-€tsh and wood 
ashes on to the surface of the metal, and then skimming off 
the scum, after which the silver remains of a fineness of from 
980 to 985 parts in 1000, and is cast into ingots for the use 
of the Mint. 

126. Solpharic Acid Process for Separating Oold and 

Silver from Copper. — This process has largely superseded 
the old method of liquation for the treatment of argentiferous 
copper-matts, or black-copper. For this treatment, the metal, 
containing an average of about '16 per cent, of silver, is 
first granulated and then introduced into a trough or tank 
lined with lead. The metal, introduced into the tank to a 
depth of about 3 feet, is now moistened by the addition of 
a small quantity of warm dilute sulphuric acid, and then 
exposed for a short time to atmospheric oxidation, by which 
the copper is oxidized and converted into cupric sulphate, 
while the gold and silver remain in the residue. After a 
short period of exposure, during which the copper loses its 
metallic lustre, a further quantity of warm dilute acid is 
added, until the surface of the metal again assumes its 
metallic appearance from the solution of the oxide previously 
formed on its surface, upon which it is again exposed to 
oxidation, followed by the further addition of dilute acid, 
and so on to the conclusion of the operation; the liquid run- 
ning off through a hole in the bottom of the vats into troughs 
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lined with lead, in which, as the liquid oooLs, oapiic sulphate 
separates b^ crystallization; 'while "die gold and silver carried 
away in suspension, by the escaping liquids, is deposited in 
the bottom of the t]X)ugh as a kmd of mud. 

The separation of the cupric sulphate from the mother 
liquor is further promoted by heating the liquid in leaden 
pans, heated by steam, when the add liquor remaining is re- 
turned to the tank containing the copper, and used again for 
the solution of a further quantity of copper. 

The mud collected from the gutters, as also from the boiling 
pans employed in the recrystafiization of the cupric sulphate, 
and which contains the silver, along with any gold, is col- 
lected at intervals, and mixed with a proportion of litharge, 
80 that the mixture on smelting will yield a lead contain- 
ing about 2 per cent, of silver ; which lead is then directly 
cupelled, and generally affords a silver containing from 1*5 to 
1'7 per cent, of gold. 

127. Claudet's Process for the Extraction of Silver.— 

This process has been recently applied to the extraction of 
the very small proportion of silver present in the copper 
liquors obtained in the treatment of Spanish, Portuguese, 
and other cuprous pyrites, by the wet methods of extracting 
copper. 

The silver exists in these liquids as argentic chloride, dis- 
solved in the excess of sodic chloride, with which the burnt 
pyrites was roasted prior to its Hxivation; and the silver is 
precipitated from tins solution by the addition of a soluble 
iodide, such as a solution of kelp, the proportion of the iodide 
to be added being determined by a previous estimation of the 
amount of silver present in the liquors to be operated upon. 
The precipitated argentic iodide is accompanied by plumbic 
sulphate and chloride, along with subsalts of copper; when, 
after freeing from the last mentioned by treatment with 
dilute hydrochloric acid, the precipitate is treated with 
metallic zinCf by which the argentic iodide is decomposed, 
with the precipitation of the ulver, along with some lead, 
etc., and the formation of zincic iodide, which salt may be sub- 
sequently employed to precipitate a f^h portion of argentic 
iodide from its diloridCt 
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METHODS OF EXTRACTING SILVER BY CONCENTRATION WITH 
LEAD^ AND SUBSEQUENT SEPARATION BY CUPELLATION. 

The processes to be described tinder this head comprise the 
more ancient methods of extracting silver from argentiferous 
copper, cuprous products or copper ores from argentiferous 
blendes, native arsenic, nickel and cobalt ores, and would 
properly include the treatment of argentiferous galenas, 
the Pattinson process, etc. ; but the consideration of these 
latter processes are more conveniently treated under the 
metallurgy of lead. The method of concentration in lead is 
also applied to the treatment of silver ores such as occur in 
Norway, etc., in which the metal exists largely in the metallic 
state, when, by fusing such an ore with its own weight of 
lead, a highly argentiferous product is obtained, from which 
the silver is extracted by cupellation; also auriferous raw 
copper containing silver is unfit for treatment by the amalga- 
mation methods, since the gold would be mostly lost thereby, 
and such substances are accordingly better adapted for treat- 
ment with lead. ' 

The argentiferous copper ores to be treated by the methods 
of concentration with lead, if rich in silver, but not contain- 
ing sufficient lead, are first smelted in conjunction with galena 
(PbS) or with lead products; and the argentiferous matt so 
produced is desilverised by fusion with lead, when an alloy 
of lead and silver separates above a regulus of the sulphides 
of lead and other metals. Poorer ores are first smelted alone 
in the ordinary manner for the production of a matt, which 
is then treated with lead; and, similarly, argentiferous native 
arsenic, argentiferous nickel and cobalt ores, are previously 
smelted for the production of apeise before treating them with 
lead for the concentration of the silver. The argentiferous 
lead obtained by either of these methods is either directly 
cupelled, or, if still too poor in silver, is further concentrated 
by the Pattinson process, and then subjected to cupellation. 

The residues after treatment with lead, if from a copper 
ore, are smelted for the production of black-copper according 
to the practice of copper-smelting, when a fiuther proportion 
of silver is sometimes extracted from the reduced copper by 
the liquation process. 
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138. Extraction of SUvei by Liqaation. — ^The method of 
concentration constituting the procees known as "liquation" 
depends upon the iact that if argentifeTOiiB cuprous products 
be fused witit lead or certain other easily fusible metals, then 
allowed to cool, and subsequently heated to a temperature 
above the melting point of lead, but below that of copper, 
then the lead alloyed with almost the whole of the silver 
will liquate or sweat out from the mass, and thus an argen- 
tiferous lead is obtained in which ■&& silver may be, if neces- 
sary, still ferther concentrated by processes to be subsequently 
described, and from which the silver may be readily separate 
and refined by the process of cupellation; whilst tiiere is left 
behind after liquation a mass of impure copper, retaining from 
'0008 pOT cent, to -003 per cent of silver. 

The process of liquation still pursued in the Hartz has, 
however, generally been superseded by one or other of the 
the various teet methods of extraction, or by the European 
method of amalgamation. The coftper concentrated to the 
condition of black or coarse copper is capable of profitable 
treatment by the method of liquation, only if it contain not 
less than about '03 per cent of silver. The black copper 
for liquation is reduced to fragments by breakin<; or ham- 
mering 'while hot, or it is crushed between rolls, and is 
then melted in a small 
cupola furnace with lead 
or argentiferous litharge, 
in the proportion of 3 
parts of copper to 10 or 
' 12 parts of lead, these 
being the ratios which 
give the best results The 
alloy is then run from 
the furnace into iron 
moulds, forming it into 
discs of some 18 to 24 
Fig. 68. — LiQttATiOKHBiSTHBMM.OTKD inches in diameter, and 
MTHBHiBTz. fi^m 3 to 3i inches in 

thickness. These discs are then subjected to liquation by 
placing .them as shown upon the liquation liea/rlh, fig. C8 
consisting of two walls a, a, inclining towards a median line, 
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each wall being surmounted by an iron plate 5, &, leaving 
between their edges a longitudinal space of some 2 or 3 inches 
in width along the centre of the heartL Between the two 
walls and beneath the longitudinal opening is a channel c, 
running the full length of the hearth, which collects the 
argentiferous lead as it liquates from the cakes, and conveys 
it to the receptacle or basin d. The discs of plumbiferoua 
copper ^ placed as shown, resting in the angle formed by 
the two inclined planes b b, the spaces around and between 
the cakes being filled with charcoal. The sides of the cakes 
are now closed in, by placing iron plates against them, when a 
log of wood is introduced into the space e, between the walls, 
and ignited, by which, in forty or fifty minutes, the temper- 
ature has become sufficient to cause the rich lead to liquate 
from the cakes; and it continues thus to liquate and collect 
in the basin d during about two hours longer. The tempera- 
ture is kept very moderate at first, until the largest propor- 
tion of the alloy has liquated out, when it becomes necessary 
to increase the heat by withdrawing the damper in the fluey^ 
and adding more wood to the fire in e. 

When lead ceases to flow from the cakes the fire is allowed 
to die out, and there remains a porous or spongy mass of 
copper, retaining usually from 10 to 20 or 25 per cent, of lead, 
with about *005 per cent of silver. If richer than this it is 
again frised with lead and liquated for the extraction of a 
further proportion of the silver; or it is treated at once in a 
closed frimace containing a number of channels, and in which 
a higher temperature can be obtained than is attained on 
the liquation hearth; when the lead, largely oxidized to the 
state of litharge, and containiug the silver along with oxide 
of copper, collects in the channels and is returned to the 
cupola with the next charge for the preparation of the discs 
or cakes for liquation, ^e copper after liquation is freed 
from lead, by ^e method of oxidation, upon the German 
hearth, ^, 12, as already described under copper; while the 
silver is extracted from the rich lead by cupellation. 

129. Cupellation. — ^When lead is fused in an oxidizing 

atmosphere it is rapidly converted into the fusible plumbic 

oxide or litharge (PbQ); and the fused litharge has further 

the property of rapidly dissolving oxides of other metals, as 

19— U, 8 
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copper, antimony, bismuth, zinc, tin, etc., some of wHch, as the 
two latter, are either infusible, or fusible only with difficulty 
when treated alone; while silver is not oxidized by the treat- 
ment, either when heated alone or when melted in conjunc- 
tion with lead. So that in this manner, if an alloy of silver 
with lead and smaller proportions of other metals be suitably 
heated to fusion in a blast of atmospheric air, the lead and 
other oxidizable metals are converted into fluid oxides, which, 
as being lighter than the molten metal, float on its surface 
and collect around the edges of the fused metal, from whence 
they are removed, and are again and again replaced until the 
whole of the baser metals have been thus removed, when the 
silver is left freed from the greater portion of its impurities. 
This process of separating oxidizable metals from silver by 
the joint action of heat and air constitutes, the process of 
cupeUation, which, on the large scale, is conducted upon the 
hearth of a kind of reverberatory furnace, of which the bed 
is formed of a material as bone-ash, marlj or other like sub- 
stance which is Twt corroded imder the influence of molten 
litharge; such a bed or hearth being known in England as a 
test or cupel. And from the surface of the test the molten 
litharge is run off into receptacles placed to receive it. 

CupeUation on the large scale is mostly conducted after one 
of two methods, known as the English and German methods 
respectively, which dijQfer only in the details of the con- 
struction of the furnace employed and mode of charging the 
argentiferous lead. In the flrst named the hearth or test is 
formed of bone-ashes, is movable, of smaUer capacity than the 
German hearth, and the charge of lead is only added in 
successive portions after that previously added has been 
converted into litharge, and the roof of the furnace is fixed ; 
while the hearth of the German ftimace is constructed of a 
calcareous mxirl, and unlike the English furnace has a Tnov- 
able roof and a fixed bed of considerably l9.rger dimensions 
than is adopted in England; whilst it^e'^'cha^ge' of Ip^^ is 
often, though hbtay^ytHirlitliy iddfe'd at'tE'^ 6bm^ericemenl 
of the omration. . , ,. . fr ,^ , .. 
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heartli or test a, is formed of an ellipsoidal ring b, of wronglit 
Iron, oitrom 2 feet 6 inches to 5 feet in major diameter, and 
from 1 foot 6 inches to 3 feet in minor diameter, to the lower 
edge of which is rinetted four or more flat bars of iron as 
shown, fig. 61. Into this bpen frame is rammed a quantity 
of finely-powdered bone-ashea moistened with a solution of 
pearl-askes sufficient to make th& powder slightly cohesive; 
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ap!,^'ij),p cayily oof the toim Bhown, fig. G2, is then scooped' 
out BO^,tP incline gently from t^, .pattg JioffardH thece&tro,- 
W^j"^- ^i/P ■'^P'y fthont opa inoh in thiotneBB; and by dnlling 
a lidW from, the ijuder sidp, t^ emiclied lead maf l» tliec^ 
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tapped out. The teat bo prepared is introduced from beneath, 
placed in contact 'with the cotnjxiM ring d, fig. 59, of wrought 
iron, and supported in this position by the four iron wedgea 
e, e, driven in between the bottoQi of the test and the two 
iron bars f, f, placed across the chamber beneath the test, 
and built into the side walla; while in other furnaces 4^e 
test is supported against the compass-ring upon a carriage or 
tram by which it can be run in and out. The front portion 
ig) of the test, figs. 62 and 63, is 
known as the breast, and in it 
I ^ IB made a channel h, communi- 
cating with the hollow of the 
test and a hole passing througli 
Fig. 61. — TgjjT.' PinMir. , the breast, by which means the 
melted litharge is drawn off 
from the test during the pro- 
cess; while, as this channel be- 
comes corroded, and too much 
increased in size thereby, it ia 
stopped and another one ia 
made at h', which in its turn is 
replaced by A". The flue end of 
Fig. 63. — Fuir of Test. the hearth or teat communicatee 
by two openings with the down- 
ward flue k, which leads by an 
underground culvert to a high 
stack. The atmospheric blast, 
Fig. 63. — Vbktical Section of driven in either by a fen or by 
Test- a steam jet, ia introduced to the 

surface of the molteu metal at I, and at each aide of the twyer 
opening are apertures, m, m, which serve for the introduction 
of the pigs of lead as the operation proceeds. A. jet of steam is 
introduced into the flue e, to condense atiy fume passing over 
from the hearth. 

The process of cnpellation comprises two stages. In the 
first or concentration etoffe the operation is continued until 
the lead contains from 200 oz. to 250 oz. of silverper ton 
of metal, when it is tapped out, and the operation aabse- 
quently resmned upon this concentrated metal, for the separ- 
ation of the lead, etc., as completely as possible. 
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Before commencing to cupel upon a new test, the latter is 
thoroughly dried by some weeks of exposure to the warm 
atmosphere of the furnace-room; and, after fixing in its posi- 
tion, the fire is lighted, and the temperature very gradually 
raised so as not to crack the cupel. When the heat approaches 
to dark redness, the argentiferous ]ead previously melted in a 
kettle attached to the furnace is ladled on to the hearth or 
test, and the temperature is increased to bright redness, or a 
little above the melting point of litharge, when the blast is 
let on and oxidation proceeds regularly and rapidly. The 
litharge, as it collects, passes by the channel h to the hole 
already mentioned through the breast of the test, and so 
£rom the surface of the test into the pot placed for its recep- 
tion in the vault beneath. As the operation proceeds, 
attended with the removal of the lead as litharge, more pigs 
of lead are introduced through the openings m, m, so as to 
maintain a charge of from 500 to 600 lbs. always upon the 
hearth, until the whole charge ranging from 5 to 15 tons, 
according to the size of the test, has been introduced, the 
process being then continued, imtil in about twenty hours 
from the commencement, the charge of lead upon the test 
has acquired the degree of concentration above stated, when 
a hole is drilled through the bottom of the test at its lowest 
point, and the charge drawn ofi into a cast-iron pot placed 
upon wheels in the vault beneath, from which it is ladled out 
into pigs. The hole is then plugged up with bone-ash, and 
the process of concentration resumed upon another charge. 

The second stage of the process, which might be designated 
as the refining, is conducted on a fresh test, and operates upon 
the concentrated lead of the last operation after the manner 
described for the previous stage, except that the charge of 
concentrated lead worked off at each charge is only from 2 J 
to 3 tons, and that the litharge from this step should be 
kept separate, as being more highly argentiferous than that 
produced in the first stage; whilst the temperature towards 
the close of the operation should be increased so as to prevent 
the solidification of the silver before the whole of the lead 
has been removed in the form of litharge. The operation is 
continued until, when on slightly lowering the temperature 
of the furnace, impurities cease to rise to the suiface of the 
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molten sUver, thus indicatmg that the metal has attained the 
necessary degree of fineness, which, on the average, will be 
about 998 parts of silver per 1000. The cake of silver is 
then allowed to cool and solidify on the test; when, as the 
surface of the metal solidifies, the phenomenon of spitting 
occurs, by which the surface is thrown up into a number of 
protuberances or crater-like asperities, due to the escape of 
occluded oxygen, and which, without care in the cooling, would 
be attended with considerable loss of silver. The cake when 
cold will weigh from 5000 to 7000 oz. It is readily de- 
tached from Qie bottom of the test, and after cleaning from 
adherent matter, it is cut up, remelted, and cast into ingots. 

The substance of the test absorbs a considerable proportion 
of litharge, for the recovery of which it is broken up and 
introduced along with the other materials of the furnace 
charge in the process of lead smelting. 

The loss of lead in the English method of cupellation 
amounts to about 5 per cent. 

131. German Method of Cupellation. — ^This process, the 

product of which is an impure silver called " Blicksilber" 
containing about 94 per cent, of silver, accompanied chiefly 
by lead and smaller proportions of copper, nickel, cobalt, 
arsenic, etc., is conducted in a kind of reverberatory furnace, 
but without stack or chimney, the products of combustion 
escaping through an opening g, opposite ^e fire-bridge, which 
' opening serves also for the introduction of the lead; while the 
fireplace is much smaller in proportion to the hearth than in 
the English furnace. The roof is usually formed of a movable 
iron cover a, made of plates rivetted together, and coated over 
its interior with clay, or with loam and hair. The roof may be 
lifted off and swung around by a crane at the side of the fur- 
nace, so as to allow of the withdrawal of the cake of silver and 
the cooling or repair of the hearth. At one side of the hearth 
is situated a pair of inclined twyers, b, 6, controlled hj 
suitable valves, and which direct the blast towards the middle 
of the hearth, so as to cause the litharge to flow from the 
surface of the metal towards an opening c, in the angle near 
the fireplace, through which the litharge is withdrawn, and 
the progress of the cupellation observed. The hearth itself, 
which is here fixed, while in the English furnace it is made 
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movable, ia circulaj', of some 8 or 10 feet in diameter, and 
composed of a natural calcareous marl, or, 'when such cannot 
be obtained, then a mixture of calcic carbonate and clay with 
a little ferric oxide 13 substituted. Tbe bottom ia usually 
formed by first introducing upon the brickwork a layer (d) 
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of Blags from the lead-smeltuig furnace, upon which is laid a 
concave brick bottom e; and upon this latter the moistened 
marl, /", is well rammed, the marl being prepared by stamp- 
ing or grinding it to a fine powder, passing it through a sieve 
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and tHen mixing it with a proportion of old Leartlis also 
ground and sifted; after which the mixture is allowed to 
stand some time, and then is thoroughly kneaded until it will 
cohere well together when squeezed in i^e hand, in which con- 
dition it is well rammed into the hearth to the proper form 
required, considerable importance being attached to the degree 
of concavity given to the bed as influencing the rapidity and 
completeness of the cupellation. The layer of marl requires 
repairing or renewing after the cupellation of each charge. 
The masonry of the furnace is well cramped together by iron 
tie-rods, and is traversed by passages for conveying away the 
moisture produced during the cupellation. 

After the preparation of the hearth, pigs of the argentiferous 
lead, to the extent of about one-third of the total charge, are 
carefully introduced on to the hearth; a former practice, now 
generally discontinued, being to place a layer of straw beneath 
them to prevent injury to the hearth, llie lead having been 
thus introduced, a wood fire is made upon them, and the 
cover of the furnace swung by the crane into its position and 
luted down, after which a fire, burning wood as the fuel, is 
made upon the grate, and the temperature raised so as to 
melt the lead and maintain it only at about a dull or dark 
red heat. During this period, or melting down, constituting 
the Jirst stage of the operation, a dark coloured, heterogeneous, 
pasty mixture of the oxides of lead, copper, iron, zinc, anti- 
mony, and other foreign metals, with sulphides of these metals, 
accompanied by earthy raatten. and some metalUc lead, rii^ 
to the surface, constituting a scum called by the Crennans 
**Abztig" As the abzug collects, it is raked out at the door 
0, in the comer of the hearth near the fire-bridge. This stage 
usually lasts from three to four hours; but much depends upon 
the purity of the lead operated upon. Towards the conclusion 
of this stage the metallic bath exhibits a clear metallic surface, 
upon which the temperature is raised and the blast let full 
on, whon in from one to two hours afterwards, the bath of 
metal has acquired a peculiar circular movement, and there 
rises to the surface a more fluid and purer product than 
the abzug. This product, known as '^Abstrich" is an impure 
litharge, containing from 60 to 90 per cent, of plumbic oxide 
(PbO), the remainder consisting of the oxides of antimony, 
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arsenic, copper, iron, and zinc in varying proportions, with 
oocasionallj also considerable proportions of earthy matters 
derived from the bottom of the cupel. The abstrich is allowed 
to flow through channels cut across the breast in the comer 
of the furnace in the manner already described imder the Eng- 
lish method of cupellation, the heat being raised sufficiently 
high to maintain the fluidity of the abstrich that it may flow 
away from the hearth readily. The formation of abstrich 
constitutes the second stage of the process. 

Of late only refined and purer leads are treated in the 
cupellation, and then no abstrich is formed (Plattner), but 
only a small proportion of abzug, which is succeeded by the 
litharge proper, which constitutes the third stage in the order 
named above. 

It is after the third or litha/rge stage has commenced that 
the remainder of the charge of lead is gradually added to the 
furnace, the pigs of lead being so placed in the furnace that the 
lead liquates from them, and flows down into the bath of metal 
on the hearth, leaving a more refractory abzug above, unmixed 
with the metal. The litharge, as it forms, is run off through the 
channels in the breast already mentioned, new ones being made 
as the previous ones become too deep, or become stopped 
through any cause, and the litharge is collected in large 
vessels and allowed to cool slowly; when, with the exception 
of that portion collected towards the end of the process, and 
which is richer in sUver, requiring a separate reduction and 
cupellation for its extraction, the litharge so obtained is sent 
into commerce as red or yellow lithaige, varieties chiefly 
depending upon its mode of cooling. 

As the litharge period approaches completion, the tempe- 
rature requires to be raised to maintain the fluidity of the 
silver as the lead is gradually removed; and the layer of 
litharge on the surface of the metal becomes gradually thinner, 
appearing in the latter stages only as a cloud, and eventually 
clearing off and exposing the bright metallic surface of the 
silver, a phenomenon constituting the " blick'* of the Germans; 
at the same time the metal which was previously in motion has 
become motionless. The blast is now turned off, and water is 
thrown upon the fire and on to the hearth in order to harden 
the cake of " Blicksilber,'' which is subsequently withdrawn 
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from the fumaoe and freed from marl, litliarge, and otiier 
adherent matters, when it is ready for refining in small 
reverberatory furnaces for the production of fine, or accord- 
ing to the Germans, " BrcmdsUber,^ 

In a furnace of the dimensions described, from 10 to 15 
tons of lead may be treated during one cupellation, lasting 
from seventy-five to eighty hours; while the loss of lead 
amounts to from 8 to 10 per cent. 

The German furnace, as adapted to the consumption of 
coal instead of wood, does not difier materially from the 
furnace last described, except that the hood is made some- 
what higher; and, as employed at Tamowitz in Upper 
Silesia, the bed is formed of a mixture of dolomite (carbonate 
of lime and magnesia) and fire-clay, rammed as before into 
the form of a concave bed, while lie vapours or fumes from 
the bed either escape directly into a stack at the end of the 
bed opposite the grate, or are first directed, according to the 
stage of the operation, through a series of subterranean con- 
densing chambers before entering the stack; and the blast is 
supplied through one semicircular twyer nozzle; but the 
process is otherwise essentially the same as that already 
described. 

The rich lead produced by smelting galena in the Swedish 
blast or ore furnace contains an average of about 280 oz. of 
silver per ton, and is accordingly at once cupelled according 
to the German method, an operation at first attended with 
the production of a black litha/rge, containing antimony, zinc, 
copper, etc., which is succeeded by a purer yellow litharge; 
while the resulting cake of metal obtained still retains some 
lead and is refined as described in the subsequent article, in 
a smaller furnace supplied with blast by a pair of twyers, 
the hearth or test of which also contains, in addition to lime- 
stone and clay, a certain proportion of bone-ashes. 

REPININa OP SILVER. 

The metal, as produced by the various plans of amalga' 
mation, by precipitation (the wet methods), or by the con- 
centration methods last described, usually retains sensible 
proportions of foreign bodies, as copper, lead, antimony, 
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arsenic, bismuth, nickel, zinc, or sulphur, according to the 
mode of its extraction, all of which, with the exception of 
copper, materially impair the malleability of the silver, and 
render it unfit for the purposes of coinage or other uses to 
"which it is applied; and for the further and more complete 
elimination of these elements, the silver is submitted to the 
refining operation — a process conducted either upon a test or 
kirge cupel formed of a material like bone-aah^ which is 
capable of absorbing molten litharge while resisting its cor- 
rosive action, and which test forms the bottom or hearth of 
a reverberatory furnace — or the refining is effected by fusing 
the silver in crucibles. Whichever method is pursued, the 
object is to oxidize the impurities by exposing them at a 
temperature above the melting point of silver, to a blast of 
atmLpheric air exactly as dIcSbed under the process, of 
cupellation, except that, instead of removing and collecting 
the litharge and other oxidized products from the surface of 
the fused metal, the material of the hearth is such as to 
absorb these substances as they are formed. 

132. Refining Silver upon a Test or Cupel. — ^This process 
is exactly analogous to the English process of cupellation, 
except that smaller quantities are operated upon, whereby an 
economy in fuel ^ effected, and the process is also conducted 
without blast; while, as above, the litharge is wholly absorbed 
by the substance of the cupel, instead of being drawn off over 
the breast of the furnace. 

For the purification of the " BUchsilber " produced in the 
German cupellation, the refining is effected upon a test 
formed of marl and supported in an iron bowl, the operation 
being the same in principle as the original cupellation. The 
blicksilber is introduced into the test, which is heated by 
charcoal placed around it, and the blast is turned on, when 
in from one and a half to two hours the metal is fused; and 
from time to time afterwards the fluid metal is stirred with 
an iron rod so as to more thoroughly expose all portions to 
the oxidizing influence of the air, the litharge as it forms 
, being absorbed by the material of the test. The operation is 
continued until a drop of the metal, withdrawn on the end 
of an iron rod, presents a surface free from spots,^ while on 

♦ Percy.J VoL IIL 
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cooling it assumes the pure wUte colour of silver, and also 
presents, as the metal solidifies, the phenomenon known as 
spitting. The process continues altogether from three to four 
hours, when the fire is withdrawn and the sUver either 
allowed to cool very gradually, or is soUdified by prcriecting 
waim water upon ite surfa^, when it is ex4a^ and 
requires only to be freed from mechanically adhering impuri- 
ties to prepare it for sale. 

BromdsUbeTy or fine silver, could be produced at once in 
the first cupellation for blicksilber; but it is found mote 
economical to subject it to this second cupellation or refining 
on a smaller hearth, since the large size of the hearth employed 
in the first process, and the rather high temperature required 
for the latter stages of the refining, involve a considerable 
increase in the consumption of fuel; while also the Ktharge 
produced in the final stage carries with it a considei-able 
proportion of silver, and it is accordingly desirable to collect 
this and smelt it separately for the recovery of the silver. 



CHAPTER TL 
GOLD. 

133. Physieal and Chemical Qualities. — Gold, as seen in 
the mass, is the only yellow metal ; but as viewed by trans- 
mitted light, after reducing the metal to extreme thinness, it 
appears to possess a greenish tint, changing to red when 
heated (Faraday); while when in a fine state of division, as 
when precipitated from its solution by the addition of ferrous 
sulphate, or by the metals iron, zinc, copper, etc., it has a 
dull brown colour, and is void of metaUic lustre; but the 
particles of the pulverulent metal can be welded together in 
the cold by the application of pressure, with subsequent 
hammerinfi^ or by hammering at a dull red heat, when the 
solidified metal L capble of receiving a high polish. The 
oiative metal cr3rstallises in cubes and other forms of the 
monometric system, and specimens of the metal can also be 
obtained crystallised after fusion. Gold is malleable and 
ductile in the highest degree, leaves of the metal being pro- 
duced not exceeding ggaooo ^^ P^^ ^^ '^ ^^^ ^ thickness, 
or such that an area of 56 square inches of the leaf will only 
weigh 1 grain; whilst its ductility is such that a wire can be 
drawn so that a length of 500 feet does not exceed 1 grain 
in weighty but the malleability and ductility of the metal 
are materially influenced by the presence of only small pro- 
portions of foreign metals, as antimony, arsenic, tin, lead, etc., 
as noted under the alloys of the metal. It is a good con- 
ductor of heat and electrioity, though in these respects it is 
much inferior to silver. 

Fure gold is almost as sofb as lead, being inferior to either 
oopper or silver in hardness; and hence the necessity of 
hardening this metal by alloying it with copper, etc., for the 
purposes of coinage, jewellery, and other uses where it is 
expotiied to much wear. It iis not acted upon by atmospheric 
air, either at ordinary tempeiatuareft 0|^ if lie^* strongly heated; 
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neither is it tarnished by exposure to the action of snlphn- 
retted hydrogen. The melting point of this metal is given 
by Ponillet as 1200°C. (2192«F.), while Daniel gives it as 
1425^ C. (2596^ F.). It expands considerably on fusion, and 
though practically fixed it is slightly volatilised at very high 
temperatures, as in the focus of a powerful lens; also, when 
alloyed with silver, a small proportion of gold along with 
the silver is volatilised by continued exposure to furnace tem- 
peratures. The specific gravity of gold ranges from 19*25 to 
19*5, according to the mechanical treatment it has received. 
A gold plate prepared from fine gold, precipitated from its 
chloride by means of oxalic acid, had a specific gravity of 
19*2945,* which became, after once passing through the rolls, 
19*2982 (Bigg), and with the exception of platinum it forms 
the heaviest known body. Its specific heat is *324 (Begnault). 
Grold is not acted upon by nitric, hydrochloric, sulphuric, or 
any single add except the selenic, but it is dissolved by 
chlorine, or an add mixture as the nitro-hydrochloiic add 
(aquarregia), which evolves chlorine, 3^elduig under these 
circumstances a solution of auric chloride (AuGlj). Bromine 
also attacls gold even in the cold, whilst iodine has an exceed- 
ingly feeble action upon it. Sulphur is without action upon 
gold at any temperature, althou^ double sulphides of gold 
and the alkalies are readily produced by fusing the metal 
with an alkaline sulphide. The oxides and sulphides of 
gold are reduced to the metallic state by the simple appli- 
cation of heat, and the metal is predpitated from its chlo- 
ride by phosphorus, sulphur , stdpkurous anliydridey ferrous 
salts, (xrsemur^Ued or ijkiitimoniuretied^ h^^ogeuy arfismoug 
.and tnUiTnonwus chlorides; hj nuist metals^ as iron, topper, 
awe, bismuth, etc., and many v^^^t^le off imimai lialptfbaiiieea 
The method of puedpitating gpld frwa iti» pvtfe diloride by the 
addition of fvjphuroy^ ar^hu^ri^^^jupali^ OoU, or famn»stil' 
phaie, is employed for the preparati<»i» of jw**^ ottBtmi^dard 
gold; anid.fi^ tlus WV9^^m^ g^Wp.aftextrWrted'hyvthe 
ordinaiyH^©taHijir^cam^O(^is4fesplvfdi»idt»io-8ci^ 
pwat^ slowly tQ.expel.aU ex^^ «f mtjw>iidd, theahsegd^ 
dilute^ wjih watev and allowjad tp ^Mid-or settle fopidboat • 
week, 1^ which, mjr ai^wticor. aigexjtowoWoiwiars^fll.OTb*^ 
^ J9¥Kmki)ksmusiSgBefy^..m^ 
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Side; then to the clear decanted or filtered liquid, one of 
the last named reagents, preferably sulphurous anhydride or 
oxalic acid, is added. If sulphurous anhydride be employed, 
the gas is passed through the solution kept cold until satura- 
tion, when metallic gold is precipitated slowly — 

2AuCl8 + 6HaO + 3S0a = 6HC1 + SHaSO^ + 2Au ; 

and after boiling in pure hydrochloric acid, with again wash- 
ing and drying, it is fused with hydric-dipotassic sulphate and 
borax, when gold having a fineness of 9998 parts in 10,000, 
will be obtained. 

Gold imparts to glass a beautiful ruby red colour, the 
metal existing in the metallic state in glass so coloured. The 
atomic weight of gold is 196*6, and its chemical symbol is Au. 

Commercial gold is never absolutely pure, but the degree of 
its purity or atcmdard is very uniform for the metal derived 
from the same locality; while the standard of gold imported 
from the various gold mining districts varies much, as also does 
the nature of some of the foreign metals accompanying it; but 
silver is invariably present in the commercial metal. Califor- 
nian gold is thus of much lower standard than that derived from 
Australia ; for whereas the former ranges between 865 to 930 
parts of gold per 1000, or more usually between 865 and 890 
parts per 1000, the standard of Australian gold is from 930 to 
980 parts per 1000; and both varieties are usually associated 
with copper and iron, whilst Australian gold is frequently ren- 
dered brittle from the presence of small proportions of lead 
and antimony. The following analyses show the composition 
of native gold received from different mining districts : — 
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134. Carat and Standard.— J^tfi^ or perfectly purs gold 
is described as 24 caroU, fins, the pound or 1000 parts bein^ 
divided into 24 carats, and different alloys of gold are spoken, 
of as being so many carats and grains fine, according to the 
amoont of gold present in them (4 carat grains being equal to 
1 carat). The English gold coinage, or stomdofrd gMy con- 
sisting of 11 parts of gold to 1 of copper, or in 24 parts 
containing 22 of gold with 2 of copper, is accordiogly 
described as 22 carat fine. The standard still employed by 
goldsmiths, however, though of 22 carat fine, contains in 
the 24 carats 22 of gold with 1 of copper and 1 of silver. 
Thus the statement ^lat an alloy is better or worse by so 
many carats and grains, expresses that the given alloy con- 
tains so many carats and grains, more or less respectively^ 
than the etandevrd^ which, as already stated, is 22 carat fine. 

The fineness of any specimen of gold or gold alloy can only 
be accurately determined by a properly conducted analysis, 
or as it is termed aeeay, in which the gold is separated in an 
absolutely pure state, and then carefully weighed; but for 
many purposes of commerce, where copper forms the chief 
alloying metal, recourse was formerly had to the more quick 
and ready, yet with good judgment, fSedrly accurate method 
of the UmchsUyne, by which an approximation to the fineness 
of the alloy was determined by tiie comparison of streak pro- 
duced by the aUoy, with that produced by specimens (needles) 
of definite and known composition, a further comparison of 
the streak being made by treating them with nitric acid. 

The touchstone is a dark basaltic stone, originally obtained 
from Lydia, but now obtained fix>m Bohemia, Saxony, Silesia, 
etc, its surface being prepared and left so that it will just 
abrade the metal from a sharp angle of the alloy, when such 
is drawn over the stone ; and for the purposes of assay, a num- 
ber of needles of alloys of definite composition are prepared, and 
comparison between these and the alloy under examination is 
made by drawing each of them across die stone once or twice, 
and then treating the streak or abraded metal so left on the 
stone, with nitric acid of a specific gravity of about 1*2, 
when the streak firom the less pure alloy willbe more readily 
actwi upon, with the production of a more or less green 
colour, according to the proportion of copper present; and 
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the valuation is made by determining to which of the test- 
samples the sti-eak most nearly corresponds, when the fineness 
is reported accordingly. This process, although abandoned 
for accurate assays, is still used occasionally for the approxi- 
mate assay of small articles of jewellery, from which speci- 
mens cannot be taken for a correct assay, and also it is of 
use to the assayer in determining the approximate fineness 
of the gold, that he may more readily regulate the amount 
of lead required in the cupellation of the alloy. 

135. Oold-beating. — For the manufacture of the gold leaf 
used for gilding and other purposes, the metal is first fused 
under borax and cast into small ingots, each weighing about 
2 oz., and which are then hammered to a thickness of ^th of 
an inch, after which the metal is rolled, until a ribbon is pro- 
duced having a thickness of about -^^th of an inch, the gold 
requiring frequent annealing during this operation. The 
ribbon is then cut into portions of 1 inch square, about 150 
of which are placed upon the top of each other, with a thick- 
ness of a specially prepared tough paper, placed between each 
pair of small plates, and the whole is made into a packet by 
two bands of parchment passed around the pile; the packet 
so prepared being hammered for about thirty minutes upon 
a solidly fixed marble block or anvil with a hammer having 
a slightly convex face, and weighing about 15 lbs., by which 
treatment the sheets are increased from 1 inch square to 
about 4r inches square, or sixteen times the original area. 
These sheets or leaves, in their turn, are each cut into four, 
and ihe pieces so obtained placed together into a packet, 
as before, except that, instead of paper, a layer of a fine 
membrane known as gold'heater* 8 skin, prepared from the 
peritoneal or serous coat of the intestines of the ox, is placed 
between each sheet, and the packet is enclosed in parchment, 
the beating being continued as before, imder hammers not 
quite so heavy as the former; when, after two hours' hammer- 
ing, the sheets are again cut up into squares, rearranged as 
before, and the operation of beating repeated, until the leaves 
have acquired the degree of tenuity required for the purposes 
to which they are to be applied; and which tenuity can be 
carried to the limit previously noted, or so that a sheet of gold 
leaf of 4 inches square will scarcely exceed 1 grain in weight. 

19—11. T 
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186. Gold and Oxygen. — The affinity between these 
elements is only very feeble; and the oxides formed by their 
imion are very unstable, undergoing decomposition under the 
influence of heat alone, or by exposure to sunlight, while they 
have but little tendency to combine with oxygen acids, being 
rather chlorous than basylous in their chemical relations. 

Aurou8 oxide (AugO) is an unstable body, precipitated as 
a dark-green precipitate on the addition of a dilute cold solu- 
tion of potash to a solution of auric chloride, being careful 
to keep the latter in excess. It is decomposed in an excess 
of potash, with the production of auric oxide and metallic 
gold; hydrochloric acid likewise converts it into auric chlo- 
ride and metallic gold. 

Aurie oxide (Au^Oj) is obtained by first treating a solu- 
tion of auric chloride with an eoseess of potash solution, by 
which the aurous oxide and oxychloride first precipitated are 
redissolved in the alkaline solution; then by boiling this 
brown solution for about fifteen minutes a potassic aurate 
results, and the solution becomes yellow in colour. It is 
now treated with sulphuric acid in slight excess, by which 
auric oxide is precipi1».ted, which requires careful washing to 
separate the last traces of sulphuric acid; besides which it 
retains small traces of potash, and for the separation of the 
latter it requires treatment with a strong solution of nitric 
acid. Auric oxide, after dessication at a temperature of 
lOO^'C, exists either as a brownish-black powder, or as a 
brown mass possessing a conchoidal fracture. It is decom- 
posed, as already noted, with the separation of metallic gold, 
upon the application of a red heat, or by exposure to sun- 
light. It is dissolved by hydrochloric, nitric, or sulphuric 
acid; but its solutions in the two latter acids are decomposed 
on the addition of water, with the reprecipitation of the 
auric oxide; and with alkaline bases it yields a class of 
colourless salts known as aurates. 

1S7. Gold and Sulphur. — ^The union of these elements 
cannot be effected by the influence of heat, and it is doubtful 
whether any combination of these elements exists native; 
but two sulphides corresponding to the oxides can be formed 
by wet methods. 

Aurous sulphide (Au^S) is precipitated as a dark brown 
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or black precipitate, when sulphuretted hydrogen (SHg) is 
passed into a boiling solution of auric chloride (AuClg). 

Avrie sulphide (AuoSg) is deposited as a flocculent yellow 
precipitate when sulphiuretted hydrogen is passed through a 
cold dilute solution of auric chloride, its colour becoming 
deeper on dessication. It is soluble in alkaline sulphides, 
especially the polysulphides ; and it suffers decomposition 
with loss of its i^phur, if heated to dull redness, upon which 
property is based one of the wet methods, to be subsequently 
described, for the extraction of the metal, according to which 
the gold is extracted from the ore by treating it with chlorine 
water, and the metal precipitated from this solution by sul- 
phuretted hydrogen, when the auric sulphide is subsequently 
decomposed by heat. 

138. Gold and Chlorine. — Chlorine constitutes the best 
solvent for gold, with which it forms two compounds, the 
most important of which, cmric chloride ( AuCL), results when 
gold is ^ted with nitkhydiocUorio add, when it yields 
a yellow acid solution, which, if neutral, becomes of a deep 
red colour; the latter being obtained on evaporating the acid 
solution imtil chlorine begins to be evolved, when a dark red 
crystalline mass, deliquescent in the air, results. The neutral 
auric chloride also results when aureus chloride (AuCl) is 
decomposed by water. The acid solution of this salt (auric 
chloride) slowly deposits metallic gold when exposed to sun- 
light; metallic gold is also precipitated from this solution by 
phosphorus, ferrous salts, arsenious and antimonious acids, 
by many mei»ls, by potassic oxalate, many vegetable and 
animal substances, tincture of galls, etc. Stannous chloride 
forms a most delicate test for auric chloride, sufficing to 
detect 1 part of gold dissolved in over 60,000 parts of liquid, 
this reagent precipitating the purple or brown coloured pre- 
cipitate (purple of Cassius) according to the strength of the 
solutions, etc. ; while for the production of the purple preci- 
pitate a mixture of stannous and stannic chlorides is prefer- 
able, since pure stannous chloride always precipitates the 
brown compound. 

The peculiar compound, " Purple of Cassius" containing 
oxide of tin and metallic gold, is of doubtful and uncertain 
composition. I^ is unacted upon by hydrochloric acid ^ bi^t 
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boiling nitric or sulphuric add improves its colour, and dis- 
solves out any stannic oxide. It is also insoluble in solu- 
tions of potash or soda; but the unignited product is soluble 
in ammonia, yielding a purple liquid from which the colour- 
ing matter very slowly but gradually separates. It is largely 
employed as a material for imparting tints, varying from flesh 
to a deep or ruby red colour, to porcelain and glass goods; 
and the product has become, accordingly, an object of manu- 
facture in the arts, for which purpose it can be obtained in 
a variety of ways, as by the addition of a carefully prepared 
mixture of stannous and stannic chlorides to a solution of 
auric chloride, made as neutral as possible. Another method 
(Makin) consists in the preparation of the tin solution by 
adding to a dilute solution of ferric chloride (FegCl^) the 
solution of stannous chloride, until the former changes from 
yellow to green, or from a ferric to a ferrous salt, when the 
solution is diluted to twice its bulk (the ferrous salt does not 
interfere with the process). This solution is then added to 
a solution of the neutral auric chloride, containing about 1 
part of gold in 360 of water, the mixture being well stirred 
during the addition of the stannous salt and the precipita- 
tion of the purple of Cassius; the latter now only requires 
to be washed quickly by decantation and then carefully 
dried to fit it for use. This purple compound can be 
produced in the dry way by melting together 2J parts of 
gold with 3^ of tin and 15 parts of silver, the whole being 
fused imder borax to prevent the oxidation of the tin; when 
the pi*oduct so obtained, after treatment with nitric acid to 
dissolve out the silver^ leaves the purple compound contain- 
ing gold and tin. 

139. Gold and Phosphorus. — Gold and phosphorus 

unite readily under the influence of heat, yielding a yellow 
phosphide more fusible than gold. In the wet methods, 
phosphuretted hydrogen passed into a solution of a salt of 
gold precipitates metallic gold; but on continuing to pass 
the gas the precipitate changes to p» black non-metallic mass 
containing phosphorus. 

140. Alloys of Gold. — Pure gold is too soft for direct 
application to the purposes of jewellery, coinage, etc., and 
accordingly for these purpose^ it is alloyed with v«iftble 



proportions of copper and silver; its alloys with these metals 
constituting its most important applications, although gold 
is capable of alloying with almost any of the metals. 

Copper increases the hardness and brightens the colour of 
the gold with which it is alloyed, the maximum of hardness 
being attained when the copper constitutes one-eighth of the 
alloy. The alloys have a greater volume than that of the 
constituents, and are more fusible than pure gold. If pure 
copper be employed in the mixture, the malleability of the 
alloy is scarcely inferior to that of pure gold; but traces of 
antimony, arsenic, tin, or lead in the copper impairs materi- 
ally both the ductility and malleability of the metal, and 
even renders it quite brittle; while the presence of silver 
together with copper impairs in a lesser degree the mallea- 
bility of the alloy. Goldsmiths in England adopt two 
standards for these alloys of copper and gold, the lower one, 
known as the 18 carat standard, is used for jewellery, except 
wedding-rings; whilst the higher one, or 22 carat standard, 
established by Henry VIII. , is the one employed for the 
British coinage, and corresponds to 11 parts of gold with 1 
of alloy, or in 1000 parts of 916-66 of gold to 83-33 of alloy. 
In France and the United States the standard for gold 
coinage consists of 900 parts of gold with 100 of copper. 

The solder employed for uniting the different parts of orna- 
mental gold articles consists of 5 parts of gold and 1 of 
copper; or sometimes silver is added in addition, when the 
proportions are 4 parts of gold, 1 of silver, and 1 of copper, 
the effect of silver being to impart a lighter colour to alloys 
of gold and copper. 

The various shades in colour of the gold leafy Dutch leaf 
and other foils occurring in comn^erce, are obtained by 
alloying gold with varying proportions of copper, or of copper 
and silver. Thus, with from 30 to 32 per cent, of copper, 
the leaf has a reddish colour; while silver produces a series 
of pale-green shades, imtil, with about 60 per cent, of this 
metal, the alloy is almost white, and intermediate shades of 
colour are obtained by alloying the gold with from 25 to 40 
per cent, of copper, and 12 to 16 per cent, of silver. 

Gold and silver unite in all proportions when melted 
together, the resulting alloys ranging in colour from almost 
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the whiteness of silver, through, greenish-white, greenish- 
yellow, and orange, to the yellow colour of pure gold, one- 
twentieth of silver added to gold materially affecting its 
colour; thus the alloy, consisting of equal parts of the two 
metals, possesses an almost silver whiteness; while 3 parts 
of silver to 7 of gold produces an alloy of a green colour. 
The effect of silver is to harden the gold Without impairing 
its malleability, while sensibly reducing the melting point of 
the metal. All native gold, especially Oalifomian varieties, 
contains more or less silver; and the alloy added to the 
pure gold in the manufacture of the old English, guineas 
consisted of equal parts of copper and silver, the result being 
an alloy possessed of very considerable hardness. 

Gold wnd mercv/ry unite readily, with the formation of a 
white amalgam, from which the mercury can be again separ- 
ated by distillation. If the gold be in a fine state of division 
it is quickly dissolved by mercury even in the cold; but if 
the mixture be slightly heated, the amalgamation is much 
more rapid, the mercury taking up a considerable proportion 
of gold without losing its liquidity. The amalgam of two 
parts of gold to one of mercury is white in colour and of a 
pasty consistency; and a solid amalgam, having a composi- 
tion represented by the formula AugHg, obtained in four- 
sided prisms, has been described by Henry. 

Gold cmd had alloy readily; but small proportions of lead 
suffice to impair the ductility of gold, even rendering it quite 
brittle, and generally useless for any of the applications to 
which gold is applied; even ^ ^ ^ of lead renders gold less 
ductile, and impairs its coining qualities (Hatchet). 

Antimony is particularly destructive to the malleability of 
gold, quantities not exceeding *05 per cent, impairing its 
malleability; while *5 per cent, of antimony in gold renders 
it brittle. 

Gold and tin form alloys which^ if the tin be quite pure, 
are malleable, of a paler colour than gold, while their 
specific gravities are in excess of the mean of their con- 
stituents. 

Zinc may be alloyed with gold, yielding products which 
are paler in. coloiur than gold, and possess a greenish tint if 
the zinc be in considerable proportions; but the alloys are 
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tnore or less brittle, and have a specific gravity above the 
mean of their constituents. 

Gold with copper cmd zinc constitutes an alloy used for 
pencils, 'chains, etc., the zinc, however, rendering the gold 
paler in colour, besides inducing brittleness in the alloy. 

Platinum frequently occurs in small quantities in com- 
mercial gold, especially that derived from Russia; since the 
ordinary refining operations, as applied to gold, do not effect 
the elimination of this metal; it does not; however^ impair 
the malleability of the gold. 

PaUadiwm^ like platinum, is only separated from the gold 
with which it occurs with considerable difficulty; and hence 
it occasionally occurs in gold derived from Brazil, etc., and 
but smaU proportions of tibis metal render the gold brittle. 

The gold from California is frequently contaminated with 
traces of an osmium iridium alloy; probably not, however, 
truly alloyed with the gold, but only dispersed in scales or 
grains throughout its mass^ rendering the gold brittle and 
hard in the coining-press. 

141. Occurrence of Gold. — Gold occurs very widely dis- 
tributed in nature, and almost always, but not invariably, in 
the ncUive state; the native metal being found in the crystal- 
line, metamorphic, and trachytic rocks, as in veins or lodes of 
quartz traversing slaty deposits, and less abundantly in granite 
rocks. But by far the most prolific deposits hitherto have 
been the alluvial deposits, resulting from the disintegration by 
the weathering action of the atmosphere and running waters 
upon the ancient gold-beanng strata, constituting the sand, 
gravels, clay, and detritus known as drift-beds or " streamsJ* 
which have been earned down and deputed by rivers flof 
ing from the mountainous regions of the primitive rocks; in 
the latter case the metal being most abundantly accumulated 
at the bends in the beds of such streams. 

Native gold occurs invariably associated with more or less 
of silver, while copper and iron are also frequently present 
in small proportions; and the native metal from particular 
sources is also remarkable from the presence of smsdl quanti- 
ties of other rarer metals. Thus, a telluric gold occurs in 
Hungaiy and Transylvania; platinum is frequently associ- 
ated in small quantities with gold, from the Urals j traces of 
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palladium occur in Brazilian gold, and so on- But some of 
the purest specimens of native gold, containing 99 per cent, 
of the latter, have "been derived from the Ural district, while 
other specimens of the native metal from other sources will 
not contain more than 60 per cent, of gold, the residue con- 
sisting chiefly of silver, with variable proportions of copper 
and iron. Native gold occurs in filiform, granular, reticu- 
lated, arborescent, and occasionally in crystalline forms, also 
in thin lamina and flattened grains traversing or distributed 
through the quartz or other atuiferous rock, its dissemina- 
tion frequently being so fine that a rock presenting to the 
eye no evidence of the presence of gold, will yet prove highly 
productive of the metal; while in gravel and sand detritus 
the metal occurs in rounded or nodular masses more or less 
mixed with quartz, and also in the form of very fine grains 
or dust; the masses when of any considerable size being 
designated as ^'niiggets," such occasionally occurring of fix)m 
a few pounds to as much as 2 cwts. in weight; and the metal 
is sometimes also found crystallised in forms of the regular 
system. Veins of iron and copper pyrites, galena, argentic 
sulphide, etc., traversing crystalline rocks are frequently 
sufficiently auriferous to permit of the profitable extraction 
of the gold, although the latter may be present in insuflicient 
quantity to render it visible before smelting. 

Native gold occurs in almost all parts of the globe. In 
Europe the mines of Hungary and Transylvania yield the 
largest proportion; though Piedmont, Spain, Switzerland, 
France, Silesia, Sweden, the sands of the Bhine and Aar 
yield small portions of the metal, but they are mostly non- 
remunerative sources. It occurs occasionally in the rivers 
and streams of Cornwall, in North Wales, Ireland in the 
vicinity of Wicklow, and in the Lead-hills of Scotland. Asia 
supplies numerous gold-producing districts, chiefly in the 
Urals and Siberia, where its mining is conducted both in 
deep mines of the quartz rock itself, as also in alluvial 
deposits; and gold is also found in China, Japan, Hindostan, 
and the East India Isles. Africa again furnishes gold chiefly 
in the form of dust obtained by the washing of alluvial 
deposits, the sands on the coast of Caffiraria opposite Mada- 
gascar being reputed to be of great richness. Gold dust also 
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occurs south of the Great Sahara between the river Senegal 
and Cape Falmas. In South America the chief gold-mining 
districts are in Brazil, New Granada, Venezuela, Peru, and 
Chili; and the gold-bearing districts of North America are 
Mexico, the Southern United States (viz., Virginia, North 
and South Carolina, and Georgia), British Columbia, Nova 
Scotia, birt most abundantly in the more modem gold-mining 
district of California, where the gold occurs chiefly in the 
alluvial deposits of quartz and granite detritus deposited by 
the Sacramento and other rivers, and is largely alloyed with 
silver. Australia has famished and continues to yield very 
large quantities of gold, the gold -mining districts being 
chiefly westward of Bathurst and in the Victoria Colony; 
here it occurs associated with quartz, and though formerly 
most of the gold was obtained by surface work, at the present 
time deep quartz mining is extensively carried on, yet gold 
dust and nuggets continue to be found in alluvial deposits, 
formed by the crumbling down of the rocks under atmos- 
pheric ii^uences. Grold is extensively obtained from New 
Zealand and Van Diemen's Land, where it is derived chiefly 
from alluvial soils and river workings, although quartz 
mining is also carried on. 

Nagyagite is a native telluride of gold and lead, which 
occurs associated with auriferous blende, manganous silicate, 
and sometimes antimony ores, at Nagyag and Offenbaaya in 
Transylvania, as also in Virsdnia. This mineral is a soft 
opaqui mineral, black or lead grey in colour, and possessing 
a metallic lustre, occurring sometimes lamellar, at other times 
granular. It melts easily before the blowpipe, leaving a 
button of metallic gold. Nagyagite contains about 30 per 
cent, of tellurium, 60 per cent, of lead, with from 6 to 10 
per cent, of gold, along with sulphur, and small proportions 
of silver, copper, and sometimes antimony. 

142. Gold Mining. — Formerly almost the whole of the 
gold was extracted from stream works or surface workings, 
and the operations used for its separation were largely of the 
mechanical nature required for the separation of earthy 
matters, clay, sand, etc., with which the metal was mechani- 
cally mixed; but in mora recent operations the work has 
assumed a more systematic mining character, and the amount 
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of gold obtained by quartz mmiTig now exceeds that produced 
from the alluvial workings. The quartz rock itself, containiiig 
the gold in minute particles, and generallymingled with pyrites, 
zinc blende, and oiher minerals, being worked to considerable 
depths; for which purpose the quartz is crushed, stamped, etc., 
and the gold subsequently extracted by washing operations 
suitably conducted, by amalgamation, or by treatment by one 
of the other processes to be mentioned for the extraction of 
the gold; while any copper the gold contains is separated by 
cupeUatioUf and the silver by a process o£pa/rting. 

In surface workings for the extraction of gold from 
alluvial deposits, sands of rivers, etc., the gold diggers or gold 
washers first commence operations by "prodding" the soil, 
in which operation specimens of the ground are introduced 
into a shallow basin or bowl of about 12 inches in diameter, 
in which the material or dirt is washed with water after the 
manner subsequently carried out on the large scale, and by 
which the lighter earthy portions of the soil are carried 
away, leaving in the pan any metallic residue which was 
contained in the specimen under trial; and from this pre- 
liminary assay it is determined whether the soil of the 
locality is sufficiently auriferous for profitable working. 
It may be necessary to remove or excavate a certain depth 
of soil, peat, sand, or gravel from the surface before attaining 
to the auriferous alluvium, such a covering in the Russian 
stream works of the Ural Mountains attaining to a thickness 
of 70 feet before the drift-deposit or " pay-dirt" containing the 
gold is attained, but such is the greatest thickness of cover 
yet met with; while in other localities the gold will occur 
almost upon the surface of the ground. 

The localiiy having been thus approved by prospecting, 
the operations are continued, the diggers working indepen- 
dently, or more usually in gangs of about four men each; 
and the washing of the soil is conducted either in the zinc 
or iron pan just mentioned, and which is chiefly used in 
South America; or long shallow troughs are employed, the 
bottoms of which are lined with a material as baize, blanket, 
or tanned skins retaining the hair, which coverings serve to 
further resist the tendency of the water to carry away the 
finer particles of the gold along the bottom of the trough; or 



aS yet more extensively employed in the diggings of Australia 
and Califomia, is the *^ cradle" or "rocker," of about 7 feet 
in length and 2 feet in width, the top end being raised about 
4 inches higher than the foot, while the foot is perforated 
with a number of holes for the escape of water and fine 
earthy matters, and at the upper or head-end of the cradle 
is placed a sieve which separates the larger stones, which 
are then removed by hand. The current of water poured 
by one of the men on to the materials in the sieve, carries 
the finer and lighter particles through and along the bottom 
of the cradle, so that the heavier metallic portions collect 
in the bottom of the trough, the progress of the heavier 
portions along the length of the trough being still further 
impeded by a number of cross-ribs or riffle-bars placed on 
the bottom, and the man keeps the whole in a constant state 
of agitation or motion upon the rockers of the cradle. In 
this manner the heavy metallic particles, with small quan- 
tities of earthy matters, are collected on the bottom in front 
of each cross-bar or rib of the cradle bottom, and the material 
so obtained is then dried in the stm. The lighter earthy par- 
tides, black sand, etc., still associated with the metal are blown 
away by bellows, and the metal is then ready for fusion; but if 
the gangue of the materials operated upon contain much stiff 
clay, then it is first subjected to disintegration before washing 
upon the cradle, the disintegration being effected by placing 
the materials in a suitable vessel or tub, and thoroughly agitat- 
ing it with water, either by means of spades or revolving arms. 
The operation of ^'washing in the pan" already noted, is 
conducted by first filling the pan about three-fourths full of 
the auriferous dirt, when the pan is placed beneath the 
surface of water, and held in a somewhat inclined position, 
so that, by shaking and agitating the contents of the pan in 
this position, the clayey and lighter particles are continually 
washed over the edge of the pan, the miner resting the pan 
upon the bottom at intervals, so as to break up with his 
fingers any portions which may be imperfectly wetted. There 
is, in this manner, left in the pan only the particles of gold, 
together with a quantity of black sand, etc., which is removed 
as before by drying, and then blowing away by a gentle blast 
of air. 
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The apparatus known 9S the " duke " has most generally 
superseded the older forms of cradle and tom in all extensire 
workings of pay-drift This apparatus consists of a long 
wooden trough, or rather series of smaller troughs of some 
10 or 12 feet in length, and made somewhat taper, so that 
the smaller end of one enters and fits into the wider end of 
the next, and so on, the whole constituting a trough of several 
hundred feet in length, and varying from 1 foot 6 inches to 
as much as 6 feet in width. This trough is generally sup- 
ported upon trestles at a variable height above the ground, and 
so that it is inclined at the rate of from 1 inch to 1^ inches in 
the foot. Along the bottom of the duice are placed a number 
of bars, or as they are called, '^ riffles^** ananged, according to 
circumstances, either lengthwise, crosswise, at an angle, or sa 
as to direct the water in a zig-zag course along the sluice, 
whereby the heavier particles of the ground materials are col- 
lected in front of these bars; while in other localities a series 
of rectangular recesses are formed in the bottom of the sluice 
for the purpose of collecting the gold, amalgam, and mercury. 
The drift is thrown in by shovels at the head of the sluice, 
through which a current of water is maintained, whereby, 
as in the previously described apparatus, the finer and lights 
particles of earthy matters are carried to a greater distance 
along the sluice; while the riffle bars also serve further to 
check the onward course of metallic particles. Mercury is 
supplied near the head of the sluice, or at some distance' 
below, according to the condition in which the gold exists in 
the drift; if wholly as fine particles, the mercury is allowed 
to drop slowly on to the sluice at its head; while, if a portion 
exist as coarser particles, which separate near the head, then 
the mercury is introduced lower down, so as to amalgamate 
with and collect the fine particles collected on the bottom 
and along the edges of the riffles, etc.; while it is a frequent 
device adopted for the collection of the very fine dust 
escaping with the water from the foot of the sluice, to intro- 
duce at this point an amalgamated copper plate (that is, a 
copper plate whose surface is amalgamated with mercury, by 
applying the latter to the clean surface of the former) ; such a 
plate collecting upon itself (mercury being added at intervals) 
the finer particles of gold, while its surface is preserved from 
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the wear and scratching that would be produced by sand and 
pebbles passing over it by the introduction of a riddle above 
the plate, which thus prevents the passage of the heavier 
particles over the plate; and in this manner there escapes 
from the last trough of the series only a slime or mud practi- 
cally firee from gold. 

The separation and collection of the gold amalgam and 
mercury, from the sand and gravel collected upon the bottom 
of the sluice, is effected at intervals of eight or ten days; for 
which purpose, having ceased to throw in the drift, a number 
of the riffle-bars near the head of the sluice are removed, and 
the metal, amalgam, and sand collected between them is then 
farther washed for the better separation of the non-metallic 
portions; while the heavier metsdlic portions collect between 
the lower riffle-bars, from which it is then scooped out. A 
series of riffle-bars lower down is then treated in a like 
manner, and so on until the whole are removed, and the gold, 
amalgam, and mercury collected, the whole operation being . 
known as *' deeming up" 

The amalgam thus obtained is pressed through canvas 
bags for the separation of the excess of mercury, after which 
the mercury is distilled off from the auriferous amalgam so 
obtained. 

The above methods of washing apply chiefly to the separ- 
ation of gold dust &om surface alluviums and sands; but if 
the auriferous rock or gold qua/rtz be the subject of operation, 
it requires to be extracted from the mineral vein in the 
manner of ordinary mining operations, and afterwards to be 
crushed or stamped and ground to powder preparatory to its 
metallurgical treatment proper. The crushing of the ore is 
effected in a variety of ways; but a useful machine consists 
of a pair of rollers of cast-iron kept in contact by a weighted 
lever, which thus applies the necessary pressure to the rollers 
to enable them to break up the bulk of the ore, and is yet 
sufficiently elastic to permit of the separation of the rollers 
for the passage of specially hard pieces without interfering 
with its general working; while the ground ore from the 
rollers is received into the top of an inclined, perforated, and 
revolving cylinder, so that, as the ore moves towards the 
lower end| the finer particles pass through th^ meshes on to 
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the floor, while the coarser portions are accnmnlated at the 
bottom end of the cylinder. 

/Stamping of the ore rednoes it to a finer state of division 
than is accomplished in the crushing rolls; and is the method 
now most generally employed for the treatment of auriferous 
quartz. The operation is conducted in a stamping-mill, con- 
sisting of a range of large vertical wooden beams or pestles 
shod with iron, and weighing from 5 to 8 cwts. each. About 
five of these are arranged in one machine, and are worked 
either by a cam actuated by animal, steam, or water power; by 
an endless chain, or by any other contrivance for raising the 
pestles vertically, and then allowing them to faR in r^ular 
sequence upon the ore contained in a trough resting upon a 
hard foundation of iron or of beaten stone; while a current 
of water passes through the mill and carries the powdered 
ore on to a sluice, similar to that already described. If the 
ore or gold-bearing rock requires to be reduced to a finer 
powder than is effected by the stamps, it is then subjected to 
the operation of grinding in a mill or arrastra, consisting of 
iron or granite edge stones driven by animal or other power, 
beneath which the powdered ore is ground, and where also 
the washing of the ore and its amalgamation are sometimes 
commenced. The quartz rock thus reduced to a fine powder, 
is usually subjected to a more or less carefully conducted 
washing for the separation of the lighter non-auriferous por- 
tions, so as to reduce the quantity of materials to be operated 
upon in the amalgamation process. 

The wcbshing operations are conducted upon vaidous 
arrangements of a series of slightly inclined troughs, along 
which a gentle stream of water is maintained, as in the 
method of ^* sluice^washing" above described. In another 
arrangement the washing is conducted upon cloth-covered 
tahlea, or upon blankets stretched upon frames, the mode of 
operation being the same as in the last case, except that the 
workman facilitates the removal of the earthy matters by 
agitating the materials by means of brooms of heather, or by a 
kind of hoe moved gently in a direction opposed to the current 
of water. The largest proportion of the gold or auriferous 
schlich thus collects upon the first blanket; and after certain 
intervals these blankets are removed, and washed in ^TiTys to 
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free them from the grey or black auriferous schlich with 
which they 'have become covered; after which the blanket 
is again ready for a repetition of the process. Or, instead 
of removing the blankete or cloth-covered tables, in Transyl- 
vania, eta, two or more traps are placed in the length of the 
washing apparatus, into which the different qualities of 
schlich collected upon the woollen coverings are swept or 
raked at intervals, and in these imdergo a further separation 
by subsidence. In a further arrangement used in the Ural 
districts, etc., the water is pumped into a tank at the head 
of the washing tables, from which it is delivered into the two 
ends of iEt revolving, conical, and perforated cylinder of sheet- 
iron, placed on a horizontal axis above the head of the 
tables. Into the smaller end of this cylinder is also delivered 
the auriferous powder; and, as the cylinder revolves, the 
materials will thus pass from the smaller to the wider end; 
the water and finer particles at the same time passing through 
the perforated cylinder on to the washing table beneath, where 
the fine particles collect as in the previous arrangement, while 
the water or schlich, escaping from the end of the table before 
finally running away, is passed through tyes or -tanks at the 
foot of these tables, and in which the scldich is thoroughly 
agitated for the further separation by subsidence of any small 
proportion of metallic matters which it might still retain; 
while the pieces of gold or quartz which are too large to pass 
through the meshes of the cylinder, pass out at its wide end 
on to a table, where the particles of gold, after rubbing against 
each other in their passage through the cylinder, have become 
burnished and are readily discernible; when such pieces are 
then picked out from the larger pieces of unproductive quartz, 

PROCESSES FOR THE EXTRACTION OF GOLD. 

The operations hitherto described of separating the gold 
from the sand, clay, or quartz with which it occurs mechani- 
cally mixed, serve only to prepare the mineral for its metal- 
lurgical treatment proper; for whether the metal be obtained 
as gold dvst from surface workings, or from the quartz rock, 
it still requires a further treatment for its concentration and 
purification; for which purposes several methods are pursued^ 



304 METALLUBGT. 

amongst which may be noted — 1^, the a/malga'nuxiicm method 
for the treatment of auriferous quartz, pyrites, etc. ; 2% the 
methods of extraction by direct smelting operations^ with the 
use of lead as a means of collecting and concentrating the 
gold from auriferous quartz and pyrites ; 3°, the proposed 
methods of Longmaid and Anossow, in which iron is employed 
as a medium for the separation of the gold from gold quartz 
or sands in the smelting of the latter; 4°, Flattner^s process 
of extraction by treatment with chlorine; and 5°, the meU- 
ing of gold dust. The particular method adopted is largely 
ii^uenced by the nature and amoimt of the foreign matters 
with which the gold ore delivered to the metallurgist is still 
associated; and of the foreign matters thus occurring in 
auriferous minerals may be noted : tfi^ica, as quartz or common 
sand ; ea/rthy matters, as clay, magnetic and other oxides of 
iron; iron pyrites, galena (PbS), blende (ZnS), one or more 
of which is usually retained in mechanical mixture by the 
metal prior to its fusion; while certain complicated ores, as 
those of South America, besides containing almost the whole 
of these, are frequently contaminated with arsenic and anti- 
mony in addition. 

14i3. Amalgamation of Auriferous Quartz. — ^The method 
of amalgamation is especially applicable to the treatment of 
auriferous quartz, or other ores in which the gold is dissem- 
inated throughout the gangue in an exceedingly fine state of 
division, and in which it is therefore difficult to separate and 
collect the whole of the gold by washing operations alone; 
and for the latter reason amalgamation is also frequently 
applied to the treatment of auriferous sands and soils, after 
they have been concentrated to a certain extent by washing, 
and the larger portions and grains of the metal have thus 
been separated, when, as the metal can be more completely 
extracted by amalgamation than by any method of washing, 
the concentrated material is then treated with mercury. In 
the treatment of gold quartz or other hard ores it is not 
imusual to roa^st them prior to amalgamation, by which 
sulphides and arsenides are converted into the lighter oxides, 
which are then readily washed away; while the rock is at 
the same time rendered much more liable and easy to break 
up under the stamps. 
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The amalgamation of the ore, groiind in the manner 
already described, is effected in amalgamating mills of various 
constructions, but all possessii^ a certain amount of grinding 
actioa upon the charge of mercuiy and auriferous materials 
to be acted upon, with the necessary speed to stir well, or 
keep the charge well agitated. Such a mill employed in 
Piedmont, where the ore is chiefly an auriferous pyrites, is 
represented in vertical section by fig. 66, and consists of a 
seriee of amalgamating machines arranged in tiers; so that 
the charge, as it overflows the fiist, is delivered into the 
second, and so on to the third and fourth, each machine 
being like its prede- 
cessor, except that the 
table npon which it 
ia supported ia lower 
than ike one preced- 
ing it ia the series, in 
order to admit of the 
flow of the charge from 
the higher to the lower, 
as already mentioned. 
Sach machine consiste 
of a cast-iron dish a, 
bolted to the top of its 
table, and through the 
bottom of which passes 
the vertical shaft car- 
rying a spur-wheel, 
which geai^ with a 
umilar wheel on the 
-next machine in the 
series; while on the 



1 Fig. 66. — Vkktical SKcnoH 07 the 
shaft or axis is snp Mill ior Amaloauahno Aviursitous 
ported a cross -head, Pvbitm. 

from whidi is suspended, by a pEur of iron rods, the large 
mnller e, e, of hard wood, and furnished with a niunber 
of iron ribs on its under surCace, wbich come almost into 
contact with the inner surface of the cast-iron dish a; 
while the body of the muller leaves a space of about tmlf 
19— U. V 
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an incli between it and the surface of the dish. The upper 
CRirface of the muUer is hollowed out as shown, forming 
a kind of funnel for charsdns: the machine. About half a 
hundredweight of mer^fTnning a depti. of about half aa 
inch on the bottom of the dish a, is first ir^'iroduced into each 
machine, which is then set in motion at the rate of some 
twenty revolutions per minute : and the around ore is deKvered 
from aVut by a at^ of water pa^sixlthrough the grinding 
apparatus into the cavity of the muller, from which it passes 
out at its centre or apex, into the space between the muller and 
the outer cast-iron pan in which is contained the mercury; 
and where, by the rotation of the muller with the iron ribs 
on its lower face, the materials are thoroughly incorporated 
and passed gradually towards the periphery of the machine, 
the fine particles of gold being rapidly attacked and dissolved 
by the mercury; while, as the first machine overflows by the 
continual introduction of fresh materials, the charge fiowa 
out by the spout k, and is delivered into the concavity of the 
muller of the second apparatus, and so on to the end of the 
series, whereby the particles of gold escaping amalgamation 
in the first machine are thus arrested in the second, third, or 
fourth vessel. The working is continued for a variable time, 
according to the richness of the mateiials operated upon, 
recharging with mercury only taking place when that already^ 
introduced begins to lose its liquidity, which it does when it 
has taken up about one-third of its yreight of gold; and it is 
further necessary that the rotation be not continued too long, 
otherwise a loss of mercury arises f ram Jtouring, and probably 
also from the formation of a sulphide of mercury, which is 
then washed away by the s^jream of water from the heavier 
amalgam left in the machine. When the amalgamation ^ 
thus judged to be completed, the amalgam i^ drawn o^f, 
washed, and strained through feather bags, by which any 
excess of mercury paises out, an^ there remains a semi-§oI|4 
amalgam containing about 35 per cent, of goI4> which is^ 
moulde4 into ba41s,-and from w^ich t^e mercury is 8ej>^- 
ated ^y (Ustillajion in an iron retort, with ^e cqnd[ensa4pi^ 
of the mercury in waiter. Ifhe metal thus separate^ is aft^er- 
war^s fused in blact leiad crucililes beneat^a layer of;boi^9 %n.d 
then cast into in^o^s by pouring it into open coat-iroQ mo^\^ 
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Attwood's macliiiie, as used in Oalifomia,'^ for amalgamat- 
ing the washed auriferous ore, consists of an inclined plane, 
at the head of which is a trough in which works a pair of 
wooden rollers, upon the circumference of which is fixed a 
number of slips of iron. Thus when tl^e rollers are set in 
motion by band and pulley connections, the ore delivered 
into the trough from a hopper placed above, along with 
a stream of warm water admitted at the same time, are 
thoroughly incorporated with the mercury contained in the 
trough, and in which the gold is dissolved; the mixture of 
amalgam, mercury, and other materials then passes from 
the trough over the inclined plane, the latter being divided 
into channels, and provided with amalgamated copper plates 
for the collection of the auriferous amalgam, whilst any 
excess of mercury flow^ off and may be again used. 

In the Alps, eta, the amalgamation is effected by deliver- 
ing the ground ore from a hopper into a horizontal hollow 
cylinder, in which a millstone revolves, and where the ore is 
mixed with water into a kind of slime, a quantity of common 
salt (NaCl) being also sometimes added. This slime is then 
washed by a current of water into three iron cylinders, in 
which the amalgamating mills revolve, and here the auriferous 
slimes are thoroughly agitated with the mercury, whereby the 
gold is dissolved ; after which the mixture from the mills is 
subjected as before to a further washing for the separation of 
amalgam, mercury, and gangue. 

As in the methods described for the amalgamation of silver, 
it is necessary to properly proportion the quantities of ore, 
water, and mercury operated upon in the amalgamation pro- 
cess, otherwise an uimecessary loss of mercury and gold is 
entailed^ Owing to an alteration of the surface of the gold 
from various causes, as from the presence of arsenic, sulphur, 
etc., in t}ie ore, it is soQieti^ies diS^cult to make the mercury 
adhere to, or wet its si^rface, and tl^^ met£).l thus escapes 
amalg^atipfi; and to ov^com^ thisj difficulty, it has been 
prppp^4 '^. add tq the pae^cury ^bout 1 per cent, of an 
an^alga^ pf paefcury ^P^^WI^g If 91^ 3 to 4 per cent, of 
spflivMix, in^iead of using pief curv alo^ie, under wnicl^ circum- 
^ta^ce9 the surface pf t^e gol^ is readily attacked ipder 
^ ^hiUipg' Mei^iilhrgy qf Qold and Silver. 
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all conditions; while Crookes also proposes to add to the 
sodium amalgam a proportion of zinc, or of zinc and tin, in 
addition. 

The amalgam obtained from the amalgamating apparatus, 
of whatever form, is separated by washing and pressure from 
any excess of mercury, and the semi-solid amalgam remaining 
is then pressed into masses, which are introduced into iron 
retorts for the separation of the mercury from the amalgam. 
The necks of the retorts are connected with pipes leading to 
a vessel of water, in which the mercury is condensed and 
collected as the temperature of the retort is gradually raised 
to the degree required for the distillation of mercury; care 
being taken not to raise the tempeiuture too quickly nor 
yet too high, otherwise the porous, spongy, metallic mass 
remaining in the retorts at the conclusion of the distillation, 
is apt to retain portions of mercury, as also to adhere to the 
sides of the retort. The spongy metal thus obtained still 
contains silver, and perhaps copper or other non-volatile alloys 
extracted from the quartz, which it is necessary to remove in 
the subsequent fusion of the metaL 

144. Smelting of Auriferous Quartz. — Numerous methods 
have been proposed for the extraction of gold from auriferous 
quartz and pyrites, by smelting operations; but it is obvious 
from the small proportion of metal present in the quartz, that 
simple heating in a furnace will not suffice to collect the metal 
from the mass of inftisible quartz. Accordingly, advantage 
is taken of the af&nity, at high temperatures, of lead for 
gold; and this metal, its sulphide (galena), oxide (Ktharge), 
lead slags, or other material, which mixed with carbonaceous 
matters, scrap iron, or other suitable reducing agents, is capably 
of yielding metallic lead in the furnace, is added to the fi8r- 
nace charges, thereby increasing the amount of metallic matter 
in the charge, and at the same time of collecting the finely** 
disseminated gold; the lead thus discharging, at the high 
temperature of the furnace, the same function which mercury 
performs at ordinary temperatures in the amalgamating pro- 
cess. Further, to allow of the more ready separation of the 
gold, it is necessary to add a material as lime, lime and clay, 
fluor-spar, or oxide of iron, which at a sufficiently high 
temperature combines with the quartz or silica, with the 
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formation of a fusible slag or flux, from which the gold, or 
alloy of gold and lead, with any silver that may be present 
in the ore, readily separates and collects in the hearth of the 
furnace beneath the fused slag. The alloy so collected is 
then to be cupelled for the separation of its lead, copper, etc., 
in the cupellation furnace, exactly in the same manner as 
described when treating of the cupellation of silver (p. 274), 
except that, instead of a cake of silver remaining, the pro- 
duct is essentially an alloy of gold with variable proportions 
of silver, from which alloy the alver is subsequently separated 
by one of the methods of "parting," described on page 313. 

145. Treatment of Auriferous Pyrites. — The method of 
smelting is also applicable to the treatment of certain poor 
ores, as auriferous pyrites, in which it is necessary, before 
treating with lead, to concentrate the gold in a smaller bulk 
of a ferriferous regulus or matt; and for which purpose the 
ore is first imperfectly roasted or calcined, an operation that 
may be effected in a special furnace, or in heaps in the open 
air; the ignition of the sulphur in the ore being effected by 
placing the latter upon a layer of brushwood or other fuel, 
when the combustion is continued to the desired extent by 
the oxidation of the sulphur in the ore, and thus the iron 
is partially converted into oxide, with the elimination of a 
certain amount of sulphur. But since the object in the sub- 
sequent fusion is to obtain a regulus or matt, it is necessary 
that this roasting be not carried too far, but that sufficient 
sulphur be left in the ore to combine with the metallic 
elements, and so produce the desired regulus. 

The roasted ore is then treated in the blast furnace, with 
an admixture of Hme, when the quartz (sHica), lime, and 
oxide of iron combine, with the production of a fusible slag 
or flux, beneath which collects a regulus or matt of ferrous 
sulphide, containing also the gold, silver, etc., of the ore. 
This auriferous regulus is then the subject of a further con- 
centration, by a repetition of the partial roasting and subse- 
quent fusion as before; or the regulus is mixed with a fresh 
portion of calcined ore, along with a little lime, and the fusion 
repeated, by which a further proportion of gold is thus added 
to the first regulus. These operations of alternate calcina- 
tion and fusion are repeated until the regulus is considered to 



310 ICETALLimGT. 

haye acqtdred tbe necessary degree of concentration; "wlien 
the regains is fiised with lead, or a plumbiferous ore, for the 
collection of the gold, by which an alloy of lead, containing 
the whole of the gold and silver, collects in the bottom of the 
furnace, beneath a layer of regulus consisting of ferric sol- 
phide, etc. 

The auriferous lead so obtained is then treated as in the 
previous method, according to the English or German methods 
of cupellation, and the gold subsequently separated, by the 
operation known as ^^ pa/rtvng,*^ from the alloy of gold and 
silver thus obtained. 

146. Longmaid'8 Process. — This is a patented process for 
separating the gold from quartz or other silicious ores by 
means of iron. For this purpose the ore is finely crashed, 
then mixed with roasted pyrites or ferric oxide, along with 
limestone, and sometimes also fluor-spar, the whole being 
melted upon the hearth of a reverberatory furnace, when a 
regulns containing the greater portion of l^e gold, separates 
beneath the layer of slag or flux, though small proportions 
of the gold are said to be retained in the flux. Lito the 
melted mass on the hearth of the furnace, plates of wrought 
iron are introduced, and apon the withdrawal of these they 
are foond to be coated with a film of gold, which is then 
removed by immersing the red-hot plate into a bath of molten 
lead, the operation being thus repeated so long as the plates 
continue to collect any gold from the charge in the furnace. 
In this manner an aariferous lead is obtained, as in the 
previous process, and only requires to be cupelled for the 
recovery of the alloy of gold and silver, with subsequent 
parting for the separation of the silver therefrom. This pro- 
cess has not, however, come into extensive use, since, although 
the gold would entirely collect apon the surface of the iron 
plates, could contact between the two metals be ensured, yet 
much gold escapes contact by getting into cracks, eta, of the 
furnace bed, and so escapes withdrawal by the iron plates. 

147. Anossow's Process. — ^This smelting process, in which 
iron is again made the medium for collecting the gold, was 
proposed for the treatment of the auriferous sands of the 
Ural, but it has not succeeded in being brought into success- 
fid application. In this process, the sands were to be smelted 
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witli iron (cast-iron would answer) in a blast furnace, when 
the gold would be obtained in combination with iron; and 
for its separation from the latter the alloy was to be treated 
with sulphuric acid, upon which the iron is dissolved, while 
the gold is left in the insoluble residue, or the gold might be 
largely separated from its alloy with iron by remelting with 
lead, with the subsequent separation of the gold from the 
lead by the process of cupellation. 

148. Plattner's Process. — ^This process has been applied 
to the treatment of an arsenical pyrites, worked for its arsenic 
at the Reichenstein mines in Silesia, and which contaihs only 
about 200 grains of gold per ton of ore; as also in California 
for the treatment of auriferous pyrites. The ore for treat- 
ment is roasted in a reverberatory furnace, above which is 
a condensing chamber, in which the arsenious anhydride 
(AsjOg) is condensed and collected as it is volatilised from the 
furnace charge; while there remains on the hearth a residue 
of oxide of iron, etc., with a little arsenic, and the whole of 
the gold; but it is specially desirous to continue the roasting 
until the sulphur, antimony, and arsenic are expelled as com- 
pletely as possible, and the iron at the same time converted 
into ferric oxide. This residue is the subject of the chlorine 
process of Plattner, and for this purpose, after moistening 
with water, it is exposed in large wooden tubs or other suitable 
vessels to a current of chlorine gas, which latter should be as 
free as possible from hydrochloric acid. The chlorine attacks 
the iron and gold, with the production of their respective chlo- 
rides, which, after allowing the charge to remain at rest for ^ 
from 12 to 15 hours, are then dissolved out by the addition of 
a definite amount of water; and from this solution, previously 
made acid by the addition of a little hydrochloric acid, whereby 
the simultaneous precipitation of the iron is prevented, the 
gold is then precipitated in Silesia by sulphuretted hydrogen, 
while a little sidphur from the precipitant will be deposited 
along with the auric sulphide; but in California the gold is 
precipitated as a brownish-black deposit by the addition of 
ferrous sulphate. The precipitate is then collected, washed, 
dried, and heated in an open porcelain crucible, by which the 
sulphur is expelled, while the gold is finally extracted by 
fusion with borax in black-lead crucibles. 
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In ores free from sulphur^ antiinony, and arsenic, the gold 
may be extracted by passing dry chlorine gas over the slightlj 
moistened ore, wben, if the operation be carefully conducted, 
about 97 per cent of the gold may be thus separated.* 

Calvert has also proposed a cJdorine process for the treat- 
ment of auriferous quartz, in which he proposed to subject the 
finely-powdered ore, mixed with about 1 per cent, of man- 
ganous oxide, to the action of a current of chlorine, continued 
during some twelve hours, after which water was added and 
allowed to percolate through the mass of ore, draining through 
the false bottom of the apparatus upon which the chlorinised 
ore was supported, the same water being, by these means, 
returned and passed several times over the same amount of 
ore, so as to thoroughly dissolve out the soluble salts, consist- 
ing chiefly of the chlorides of copper, iron, and gold, in the 
least possible amount of water. The copper is afterwards pre- 
cipitated from this solution by the addition of metallic iron, 
and the gold subsequently thrown down in the finely-divided 
state by means oi ferrous sulphate. 

If the ore contains silver in addition, then Calvert proposed 
to evolve the chlorine by mixing common sa]t, black oxide 
of manganese, and sulphuric acid, with the ore, when the 
argentic chloride produced under these circumstances is dis- 
solved out. in the solution of common salt, the latter being 
always kept in excess for this purpose. From the solution 
of mixed chlorides thus obtained, it is necessary to separate 
the silver, prior to the precipitation of the copper and gold 
by iron and ferrous sulphate respectively. 

149. Melting of Gold Dust, etc.— The gold dust as 
received from the gold washers, as also the spongy metal left 
after the distillation of the amalgam obtained in the amalga- 
mation method of extraction, requires careful fusion to sepa- 
rate the gold moro thoroughly from smaller quantities of 
mechanically mixed earthy impurities with which it is still 
associated; and at the same time, with the exeroise of caro 
during the fusion, much of the tin, antimony, lead, etc., that 
may be present in smaller quantities in the metal, rendering 
it unfit for direct application to the arts, will be romoved, 
whereby the gold wiU be left after this melting in such a 
* Ohemiscfies CentraXblaU (1873) page 63dL 
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condition that any further refining operations are unneces- 
sary. 

The fusion is effected in thick plumbago crucibles, which 
require care^ annealing before use ; and with this object 
they are first inserted in the furnace with the mouth down- 
wards, the fire being then gradually raised until the pots attain 
a red heat, when they are removed and reinserted in the fur- 
na«e in th^ir proper position, or mouth upwards. The charge 
of gold dust, mixed with a little dried borax, is transferred 
from a copper scoop to the crucible, and the heat then very 
gradually raised to the fusing point, upon which a scum or 
scorire of the mechanical impurities rises to the surface. 
This scoriae, also serves to absorb any oxides of lead, bismuth, 
etc., which sometimes occur in the metal, and, after thicken- 
ing by the addition of a little bone-ash, the scoria is skimmed 
off and the metal carefully stirred so as to expose it to the 
air; while if the presence of antimony or tin be suspected in 
the gold, the addition to the charge of a little nitre is fre- 
quently made for their oxidation. 

An old practice was to add to the melted metal a small 
proportion of mercuric chloride, by which a kind of effer- 
vescence was set up in the metal, which, it was considered, 
tended to a more thorough separation of the mechanical 
impurities; while at the same time eliminating small propor- 
tions of such metals as antimony and lead. 

The surface of the melted metal having been cleared of 
the scum, and thoroughly cleansed from fluid oxides, etc., by 
bone-ash, in the manner above noted, the fluid metal is then 
cast into bars by pouring it into warmed aad greased open 
iron ingot moulds. 

SEPARATION OF GOLD FROM SILVER AND COPPER. 

The gold as obtained by any of the methods described in 
the previous pages, always contains a larger or smaller pro- 
portion of silver which it is desirable to extract, since, in the 
sale of the metal, such silver is only reckoned as alloy and 
paid for as copper; and the gold is, besides, frequently alloyed 
with small quantities of copper, iron, and other metals. If 
the gold be required for certain applications in the arts 
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where theae metals would interfere, it becomes tieoessary to 
subject the metal to a process of " refining" or, as it is 
termed, "parting" for the separation of these metals, but 
notably of silver. The operations of parting are conducted 
either according to one or other of the "wet methods/' where 
nitric or sulphiuic acid constitutes the more general agent 
employed for effecting the separation; or according to certain 
*' dry methods/' in which litharge, sulphur, chlorine, or certain 
cement powders consisting of common salt and brick dust 
are employed as the agents, the use of the last-mentioned 
mixture constituting the cementation method; but these 
latter methods are of more local and limited application than 
are the wet methods first mentioned. 

" Wet refining" *' parting" " quartation or inqtuirfation" 
are the terms at present or formerly employed to designate 
the operation by which gold is r^ned, or separated from 
silver, and at the same time from any small quantities of 
copper, antimony, etc., by means of nitric or sulphuric acid; 
the latter, as being more economical, is preferred where the 
process is carried on continuously, and where large quantities 
of metal are to be dealt with; while the former, or nitric 
acid process, is generally preferred where much antimony, 
tin, or other readily oxidizable metal is associated with the 
alloy; as also for the purposes of small assays, though, as a 
rule, unless special care be exercised, it does not effect the 
separation of the silver so thoroughly as the sulphuric acid 
process; whilst the last -mentioned process is so economical, 
that in France it has been found profitable to extract the 
gold from old coins which did not contain more than from 
one to two thousandths of gold, and now silver containing 
only one-half a thousandth of gold may have the latter profit- 
ably extracted by this method.* 

The terms qiia/rtation or inquartation, formerly applied to 
these processes, have reference to the proportions of silver 
with which it is necessary to alloy the metal before " part- 
ing; " for, previous to the treatment with acids of the gold to 
be refined, it is necessary to alloy it with about twice its 
weight of silver, otherwise, on boiling with the acid, the 
silver would only be dissolved from the surface of the alloy, 

* Makio, Metallurgy, 
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the large proportion and density of the gold preventing the 
action of the acid throughout the mass. Formerly, the required 
proportions were considered to be 3 parts of silver to 1 of 
gold, and hence the term " quartation/' 

150. Wet Methods of Gold Parting. — ^The first operation 
in these processes is the making of a preliminary assay, or 
determination of the relative proportions of gold and silver 
present in the alloy to be treated, in order that an amount 
of silver may be added, sufficient to make up the required 
proportion of two or three parts of silver to one of gold. 
The metals are then alloyed in the required proportions by 
fusing them in plumbago crucibles; and after thoroughly 
incorporating the constituents, the alloy is run or teemed into 
cold water, by which the metal is obtained in a finely-granu- 
lated and flakey condition, readily acted upon by the acid; 
while, to aid in this granulation, in some cases the crucibles 
are fitted with lids, through which a fine continuous stream 
of metal can be delivered into the water. This granulated 
metal is then treated with nitric or sulphuric acid, according 
to the method adopted in the parting. 

In the " nitric acid process" the granulated alloy, prepared 
as above, is introduced into platinum vessels or digesters; but 
prior to the introduction of platinum for this purpose, vessels 
of glass, porcelain, or earthenware were in use; and yet, 
despite the very considerable first cost of platinum digesters, 
they are found to be more economical than those previously 
in use, owing to the considerable loss of gold and silver, etc., 
entailed by the frequent fracture of the glass or earthen- 
ware vessels. The platinum digesters are each placed upon 
a sand-bath heated by its own fire, and each vessel is likewise 
fitted with a lid, from which proceeds a long stoneware pipe 
for the condensation and collection of any acid that may be 
volatilised or carried over with the large volume of gases 
(nitrous anhydride NgOg, and nitric oxide NgOg) which are 
evolved during the operation, from the decomposition of the 
nitric acid by the silver and copper respectively in the alloy, 

thus — 

6HNO3 +4Ag=4AgN0, +NjO, +3H2O 
3Cu+8HNOa=3(Cu2N03)+Na02 +4H2O, 

and which pipe also serves for conveying the non-condensible 
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gases out into the atmosphera For each pound of the granti* 
lated alloy introduced into the digester, firom 1^ to 1^ lb. 
of nitric acid (specific gravity 1*32) is added^ it being neces- 
sary that the add be^ree from chlorine and not too strong; 
for the presence of traces of chlorine is attended with the 
solution and loss of a portion of the gold; while if the acid 
is too highly concentrated, there is a tendency to lose metal 
by its projection firom the digester owing to the violence of 
the action that is set up. When the charge of metal and 
acid has been introduced, the joints of the apparatus are 
carefully luted up, upon which the temperature is very gently 
and carefully raised, when the action becomes very violent; 
but towards the end the contents of the digester become more 
and more tranquil until all action ceases, when the apparatus 
is cooled and ^e liquid decanted. A second charge of acid 
is now introduced upon the residue of gold, with a repetition 
of the boiling; and when all gases again cease to be evolved, 
the silver has ceased to be dissolved, and the operation is 
completed. 

The residue of gold left in the digester is then washed, dried, 
melted, and either run into bars, or granulated as required 
for weighing out to jewellers; while the decanted liquid 
consisting of argentic nitrate, with an excess of nitric acid, 
is either crystallised from its solution and sold for photo- 
graphic purposes; or the silver may be precipitated as 
argentic chloride by the addition of hydrochloric acid or of 
common salt. 

If the method of precipitation with hydrochloric acid be 
employed for the recovery of the silver, and the precipitation 
is conducted carefully, so as to avoid any excess of hydro- 
chloric acid by leavufg a BmaU proportion of argentic nitrate 
still imdecomposed in the solution, the resulting solution of 
nitric acid (AgNOg + HCl = AgCl + HNOg) may be again 
used for a repetition of the parting process; while the silver 
may be extracted from its precipitated chloride by washing the 
precipitate, then moistening with sulphuric acid, and intro- 
ducing into the precipitate a number of bars of metallic zinc, 
by which finely-divided silver is deposited, and zincic chlo- 
ride passes into solution. When the separation of the silver 
is complete the zinc is withdrawn, and the finely-divided 
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silver treated with a little dilate sulphuric acid, to dissolve 
out any particles of zinc; after which it is washed with water, 
dried, melted, and cast into bars. Another method employed 
for the separation of the silver is at once to treat the solution 
of argentic nitrate with metallic copper, when the metallic 
silver is at once deposited; while the copper enters into 
solution as cupric nitrate. 

The method of pa/rting hy sut/ph/wric €u:id is most exten- 
sively and generally adopted on the Continent for the separa- 
tion of gold and silver upon the large scale, the process 
being, as already noted, more economicsJ than the nitnc acid 
process, whereby it can be economically applied to the refining 
of silver containing only '0005 per cent, of gold; but the metal 
for treatment requires in practice, however, to be alloyed with 
a somewhat larger proportion of silver than is required in 
the treatment by nitric acid, and although Fettenkofer has 
shown that the operation can be conducted by this method 
when the silver amounts to 1*75 times the amount of the 
gold, yet, for the ready and perfect separation of the silver, 
the gold should be alloyed with some four times its weight 
of silver; whilst the amount of copper in the alloy should be 
under 10 per cent, of the whole, otherwise an excess of 
cupric sulphate is produced, which is insoluble in strong sul- 
phuric acid, and accordingly encrusts the granulated metal, 
preventing contact of the metal with the acid, and so stopping 
the action. Hence, if the copper exceed this limit, before 
subjecting the alloy to the parting process it is first granu- 
lated and roasted on the hearth of a fiat-bottomed reverbe- 
ratory furnace; after which the cupric oxide so formed is 
dissolved by treating the roasted product with dilute sulphuric 
acid, when, if necessary, the operations are repeated until the 
amount of copper has thus been reduced below the limit of 
10 per cent. 

The metal having been alloyed with the required propor- 
tion of silver by melting the metals in plumbago or wrought 
iron crucibles, it is then granulated by pouring it into water 
as in the previous case, and afterwards introduced into the 
digester with about 2^ times its weight of concentrated sul- 
phuric acid (formerly 3| parts of acid were used); and it is 
necessary that the aoid be always maintained in excess, in 
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order to xetam the argentic sulphate produced in the process 
always in solution. 

The digesters were formerly vessels resembling stills, each 
one being set in a frame of wrought iron, and provided 
with a spouty together with a lid or head, connected by a 
platinum tube or neck with a long leaden condensing pipe 
running between two rows of digesters, and which pipe 
served to convey the liquid condensed products, consisting 
of sulphuric acid with a little argentic sulphate carried over 
mechanically, to a reservoir placed for their reception. The 
condensation pipe is so placed that the particles of argentic 
sulphate, etc., collecting in it may be washed out into the 
receiver by a little sulphuric acid; while the gaseous pro- 
ducts — sulphurous anhydride — were conveyed forward into 
a leaden chamber of some 30 feet in length, in which the 
sulphurous anhydride is reconverted by appropriate methods 
into sulphuric acid, which is then again used in the process; 
and finally, before reaching the atmosphere, any gases pass- 
ing from the condensing chambers are conveyed into a dinun 
containing calcic hydrate. 

These platinum digesters are, however, replaced in the 
larger refineries by vessels of cast-iron^ white or mottled iron 
being preferred, it being found that these vessels are unacted 
upon by the strong acid employed in the operation, since the 
surface of the vessel becomes coated with a thin layer of 
metallic silver. Two of these vessels are heated over the 
same fire, and charges of about 10 cwt. of metal can be heated 
at once, while about 80 lbs. is the charge of a platinum vessel. 

The granulated alloy and the acid having been introduced 
into the digester, its temperature is then raised to boiling, 
during which sulphurous anhydride (SOg) is copiously evolved, 
with the conversion of the silver and copper into argentic 
and cupric sulphates respectively, according to th^ following 
^ijnation? :— 

2HaS04'+Cu=CuS04+2H,0+S0„ 
2HaS04+2Ag=Ag,SQ4+3H8Q4-aQ8, 

the svilphurous anhydride beipg conveyed, as already note^, 
t|iroiigh a condensing apparatus for its collection and utiliza^ 
tion. The chemical action continues during from three to 

... J 
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foiir hours, after whicli the acid liquid is -withdrawn, and a 
fresh but smaller portion of acid added to the residue in the 
digester. The boiling is then renewed for a short time, after 
■which the contents of the digester are allowed to rematn at 
rest for some time to allow of the subsidence of the gold; and 
this forms one of the difficulties of the process; for, during the 
period of rest, bubbles of gas continue to rise at intervals, 
raimg; with them and again difiiising the particles of gold 
throughout the liqiiid. When the metal has subsided, the acid 
liquid is again decanted into vessels lined with lead, vhere it 
is considerably diluted, while the gold left in the apparatus 
requires very careful and continued washing with hot water 
to free it from argentic and cuprio sulphate, the latter being 
soluble only with difficulty in the acid liquid. After most 
careful washing, the metal is generally boiled in a platmvm 
vessel, for a second short period, along with a further propoi> 
tion of sulphuric acid, after which the -washing is repeated, 
and the gold is dried, melted, and cast into bars. 

The acid liquors contoining argentic, and some cuprio 
sulphate, are then treated for the recovery of the silver. The 
liquid contained in a veaael lined with lead is diluted con- 
siderably, and then heated by passing steam from a boiler 
through perforated leaden pipes into the solution, when the 
argentic sulphate is dissolved in the boiling water, and the 
silver precipitated therefrom by the introduction of copper 
shavings, scrap, ete., the reduction being continued until the 
solution ceases to give a white curdy precipitate with sodic 
chloride, upon which the finely-divided grey powder of metallic 
silver is allowed to subside, and the solution of cupric sul- 
phate is decanted or run off into another vessel. The deposited 
silver is then collected, well washed, drained, and afterwards 
pressed by hydraulic pres3iu:e for the expulsionof water, when 
the cakes, after dicing, are melted in plmnb^o (irv)cihles an4 
cast into bars. ' ' 

The soliition ci 
leaden pans untU i 
of the copper is va 
Excess of gcW rer 
iicwi "^frbm 'its bla 
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either used for manufacturing purposes or utilised in a repe- 
tition of the parting process. 

The process of parting by mdphv/ric acid thus involves the 
following series of operations : — 1®. Alloying with the proper 
proportion of silver and granulation of this alloy. 2^. Boil- 
ing of the alloy with an excess of sulphuric acid (from two to 
three times the weight of the alloy) in cast-iron or platanmn 
vessels. 3^. Subsidence of the gold and decantation of the 
acid solution containing argentic and cupric sulphate. 4^. 
Further treatment with acid, and decantation of the liquid 
as before. 5°. After washing the gold, again boiling with 
sulphuric acid in platinum vessels. 6^. Wash, dry, melt, and 
cast the gold into ingots or bars. In addition, there are two 
subsidiary operations for the extraction of the silver from the 
decanted acid liquors, viz. : — 1**. Precipitation of the silver 
by copper plates or turnings introduced into the solution. 
2''. To waiji weU, dry, melt, and cast the deposited silver 
into bars. 

The gold refined by the sulphuric acid process has been found 
to contain small quantities of plumbic sulphate, and traces of 
aiuic sulphide, when lead or auric sulphide has been present 
in the original gold. Hence, if this method of refining or 
parting is to be applied, it is necessary, if the metal contain, 
lead, tin, or auric sulphide, to remove the sulphur and the 
first-mentioned metals before treating it with the acid; and for 
this purpose recourse is usually had to cupeUation for the 
elimination of the lead, while the tin and sulphur are removed 
by fusion with sodic carbonate and nitre. And in the mints 
employing the sulphuric acid process, the gold is frequently 
made a Httle finer by treating it after parting with sodic 
sulphate and sulphuric acid, either in iron pans or upon the 
hearth of a small furnace, by which means a little more silver 
can usually be extracted, due to the higher temperature that 
can be attained under these conditions without vapourising 
the acid. 

151. Dry Methods of Oold Parting. — Of the various dry 
methods employed for the separation of silver, eta, from gold, 
the ^* chlorme process y* introduced by Mr. F. B. Miller, has been 
for some time in use in Australia and New Zealand, for the 
treatment of gold containing not more than about 10 per cent 
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of silver, and from whence favourable reports of its success 
have been received. It has also been successfully employed 
for the toughening of brittle gold in the English mint. The 
chlorine process obviates the expensive necessity of alloying 
the gold with two or three times its weight of silver, for no 
other purpose but to ensure success in the process of parting; 
while for treatment with chlorine the gold is simply melted in 
a clay crucible, often enclosed for the »ake of safety in a second 
or black-lead crucible. The clay crucible is fitted with a lid, 
in which is an aperture for the introduction of a clay pipe, 
by which the chlorine generated in a suitable apparatus is 
conveyed to the bottom of the melted mass of gold, the sur- 
face of the latter being covered with a layer of borax, which 
thus acts as a cover for pi*eventing the loss of metal by vola- 
tilization; while the crucibles are also frequently saturated 
with a solution of the same salt, so as to render them non- 
absorbent or impermeable to the fused argentic chloride pro- 
duced in the process, and which it is one object to collect for 
the extraction of its silver. The chlorine thus conveyed 
beneath the molten gold is for a period absorbed as quickly 
as it is introduced, attended with the conversion of the metals 
— arsenic, antimony, bismuth, lead, and zinc, which may be 
associated with the gold — into their respective chlorides, 
which are volatilised at the temperature employed; whilst 
the silver collects in a fused state as argentic chloride. 

The first stage is marked by the escape of white vapours, 
consisting chiefly of the chlorides of the baser metals; but 
after a time orange-colom*ed vapours begin to appear above the 
metal, indicating that the process is completed, after which, if 
the current of chlorine be continued longer, a portion of the 
gold will be attacked and give rise to a small loss, although 
auric chloride is again decomposed at a temperature of about 
420°F. (216°C.). Accordingly, on the appearance of coloured 
vapours, the crucible is withdrawn from the fire and allowed 
to rest for a period of about 10 minutes, or imtil the fused 
gold has set, when the still fluid argentic chloride is poured 
out into a flat mould, forming a slab of a convenient form 
for its subsequent reduction, and separation of the small pro- 
portion of gold which it still frequently retains. The refined 
gold is now remelted and cast into bars in the usual manner. 
19— 11, X 
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The slab of argentic chloride is either at once treated for 
its silver by placing it between a pair of wrought-iron plates, 
and immersing the whole for about twenty-four hours into a 
dilute solution of sulphuric acid, by which treatment the silver 
is wholly reduced; or, since the argentic chloride obtained as 
above frequently retains small quantities of gold, Miller pro- 
poses to first fuse the chloride with a little potassic carbonate, 
by which a small quantity of the silver is reduced, which, in 
Jparttting from the mass and coUecting in the bottom, takes 
Up and alloys with the whole of the gold. After this treat- 
ment the sUver is reduced from the argentic chloride in the 
manner indicated, while the gold originally contained in it 
has been thus concentrated in a small button of metal. 

The method of separating gold and silver by means oilitharge 
and sulphur, sometimes employed in the treatment of alloys 
poor in gold, is, however, only a method for the concentration 
of the gold in a smaller quantity of silver, which alloy then re- 
quires treatment by one of the "wet methods" for the separa- 
tion, of the two metals. For concentration according to this 
method, the granulated alloy is fused with three-tenths of its 
weight of sulphur, and a little litharge is then added. In 
this manner sulphurous anhydride is evolved, and a regulus 
of plumbic sulphide, containing also silver, sej)arates and 
floats above a metallic product consisting of a portion of the 
silver with almost the whole of the gold; and, on cooling, the 
metallic portion is readily detached from the reguline mass 
above, by simply breaking up the mass. Thus, by repeating 
the treatment upon the concentrated alloy of silver and gold so 
obtained, a further increase in the proportion of gold present 
ih the metallic portion may be effected, and the operation is 
thus repeated until the gold constitutes about one-fonrth of 
the alloy, from which the gold is finally separated by either the 
sulphuric or nitric acid process of parting; whilst ^e reguline 
portion first separated upon fusion with litharge, yields a 
further quantity of silver, which stills retains a small propor- 
tion of gold. 

Another dry method for the separation of these two metals 
consists in fusing the auriferous alloy with twice its weight 
of cmtimonic sulphide, with constant stirring of the crucible 
charge; while if the proportion of silver exceeds 60 per cent. 
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of the alloy, then a little sulphur is also added to the charge. 
By these means an argentic sulphide, retaining a small propor- 
tion of gold, is formed, and collects as an upper stratum in 
the crucible; while the separated antimony alloys with the 
greater poi-tion of the gold, and forms a lower layer in the 
crucible. The fusion is repeated upon the argentic siilphide, 
with the addition of a further proportion of antimonic sul- 
phide, by which a further quantity of gold is collected as 
before, as an alloy of antimony and gold. The gold is then 
separated from this alloy by the oxidation of the antimony, 
effected either by treating the alloy in a muffle, by fusing 
the alloy and oxidizing the antimony by directing a blast 
of atmospheric air upon it, or the oxidation is effected by 
fusing the alloy with three times its weight of nitre. 

A dry method known as the " cementation^^ plan is adopted 
in America, according to which process the granulated alloy is 
interstratified in crucibles or pots of porous clay, with a 
^^cem^ent powder*' consisting of 1 part of common salt (NaCl) 
with 2 of brick-dust (burnt clay). The pots thus charged 
contain from 10 to 15 lbs. of the alloy with the necessary 
amount of cement powder, when they are covered with lids 
and introduced into wood fires, where they are heated to red- 
ness, and the heat maintained for from 24 to 36 hours, during 
which time a lai'ge proportion of water is produced by the com- 
bustion of the wood, a portion of which obtains access to the 
contents of the crucibles through their porous walls. In this 
manner common salt (NaCl), silica, and water, are brought 
into contact at a red heat, when the sodium of the common 
salt derives oxygen from the water with the production of 
soda, which immediately combines with the silica, producing 
sodic silicate; while at the same time the chlorine from* the 
Bodic chloride joins the hydrogen of the water, with the pro- 
duction of hydrochloric acid, and the kst mentioned at this 
temperature attacks the silver with the formation of argentic 
chloride and the evolution of hydrogen; whilst the argentic 
chloride is itself fused and absorbed by the brick-dust, leaving 
thereby a fresh portion of the alloy to be acted upon by a 
repetition of the same cycle of operations, so that in itna 
manner, by an action of cementation, the gold can be obtained 
nearly free from silver, or from 21 to 23 carat fine. 
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152. SwMp SeSning. — Gold sweep is the name applied 
to the dust of jewellers' and gold or silversmiths' workshops, 
which is collected and refined bj melting it in a reverberatoiy 
furnace with a mixture of coal-slack^ and the finelj-gronnd 
lead slags produced in the ore hearth or other furnace, whereby- 
metallic l«id is liberated, and serves to collect the particles of 
metallic gold contained in the sweep; while to prevent loss of 
silver in the slag, sera/p-iron is occasionally introduced, which 
separates and combines with any sulphur contained in the 
slag, preventing thereby the escape of the silver, which thus 
separates in combination with the alloy of gold and Iqad. 
These metals are afterwards separated according to the methods 
already described of cupellation and parting. 



CHAPTER VIL 

NICKEL. 

Nickel is always associated with, and is very closely allied 
to cobalt in its chemical qualities and affinities, rendering 
their separation a matter of some considerable difficulty; and 
the methods pursued for this purpose are rather chemical 
than strictly metallurgical processes, since, of the various 
methods for the preparation of nickel, they all necessitate 
recourse to a series of wet processes for the final separation 
of the cobalt, etc., and the production of an oxide of nickel, 
which processes form an intermediate stage between the 
concentration of the nickel in a nickeliferous regulus, and the 
£nal reduction of the metal by charcoal from its oxide. The 
price of this metal has much increased of late years, owing 
to the increased demand arising from its introduction into 
the fractional currency of Belgium, Switzerland, and Ger- 
many; and the increased consumption of its alloys, such as 
German silver, etc., in the production of numerous articles 
in imitation of sterling silver, and also as a medium for the 
reception of electro-plate. This metal, alloyed with iron, forms 
a principal ingredient of those remarkable bodies known as 
meteoric stones or aerolites, 

163. Physical and Chemical Qualities. — ^Nickel is grey, 
approaching almost to a sUver whiteness in colour; it is 
dficiile, malleahle, weldable, and very tenacioiLS, in which 
latter quality it rivals iron. But its malleability is impaired 
by the presence of copper, while the same metal increases its 
fusibility, pure nickel requiring a very high temperatm^e for 
its fusion, thought it is somewhat more fusible than wrought 
iron; while nickel containing small quantities of carbon 
is more fusible than the pure metal. The presence of a 
little cobalt is said to increase the ductility of the metal. 
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Nickel in the massive state does not readily tamifili by 
exposure to the atmosphere; but in the finely-pulverulent 
state, as obtained by the reduction of its oxide by hydrogen, 
it is spontaneously inflammable, and if heated and then 
immersed in oxygen, it bums like iron, with the production 
of oxide of nickel. This metal is magnetic at ordinajry tem- 
peratures, but loses its magnetism by heating to 250° C. 
(482° F.), again recovering the quality upon cooling. Its 
specific gravity ranges from 8*6 to 8*8 according to the 
mechanioJ treatment it has received. At high temperatures 
it is reduced from its oxide by carbon, carbonic oxide, or 
hydrogen; and it is soluble in nitric or nitro-hydrochloric 
acid, the solutions of its salts having a green colour. With 
arsenic it forms an important natural and artificial product 
known as '^ speiseJ' Nickel is of somewhat extensive appli- 
cation for the maniifacture of white malleable alloys with 
copper, zinc, etc., constituting nickel or German sUver, etc. 
The chemical symbol of nickel is Ni, and its atomic weight 
is 58-8. 

Commercial nickel is rarely pure, but often contains only 
from 56 to 86 per cent, of nickel, as indicated by the follow- 
ing analyses of Lassaigne — 
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l64. Nickel and Oxygen.'— Nickel combines in two pro- 
portions with oxygeuj yielding thereby a protoxide or nic^el- 
ous oxide (NiO), and a sesqiiioxide or nickelic oxide (Nifi^. 

Nickeloua oxide (NiO) is an olive or greyish-green powder^ 
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produced by igniting nickelous nitrate or carbonate in closed 
crucible^ It is non-magnetic, does not absorb oxygen from 
the atmosphere, and it constitutes the base of the salts of 
nickel. It is reduced by hydrogen at a red heat, and by 
charcoal at a white heat, the latter decomposition forming 
one of the stages employed in the preparation of metallic 
nickel; according to which a nickelous oxide is first separated, 
and this is heated with charcoal in clay cylinders for the 
reduction of the metal. 

The hydrate of this oxide is precipitated as a pale apple- 
green precipitate, when caustic potash is added to a solution 
of a soluble salt of nickel Nickelous hydrate is soluble in 
acids and also in ammonia; and on the application of heat it 
parts with water and yields, if the temperature be not too 
high, the higher or nickelic oxide. 

NickeUc oxide (Ni203) is obtained upon the calcination of 
nickelous nitrate or carbonate at a red heat, when it forms a 
black powder, which, at a higher temperature, is resolved 
into nickelous oxide and oxygen. 

155. Nickel and Sulphur. — Nickel unites with sulphur 
in three proportions, yielding thereby a di-nickelous sulphide 
(NijS), a protosulphide or nickelous sulphide (NiS), and 
nickelic disulphide (NiS^). 

DirTiickeloua sulphide (NigS) forms a pale yellow, brittle, 
magnetic, and readily fusible body, produced when the 
sulphate of nickel is reduced in a current of hydrogen gas. 

The protosulphide of nickel or nickelov^ sulphide (NiS) 
constitutes the most important combination of these elements, 
occurring native as nickel pyrites or capillary pyrites described 
under the ores of nickel. It also results when sulphur is 
fused with finely-divided nickel, likewise when sulphur acts 
upon oxides of nickel heated to redness, or when nickelous 
oxide is ignited and reduced by a current of sulphuretted 
hydrogen. An impure variety also results upon the reduc- 
tion of nickelous sulphate by carbon. The dii*ect union of 
nickel and sulphur is attended with the production of light, 
the combination taking place with considerable violence, and 
at a temperature below the melting point of sulphur. This 
sulphide is a brass-yellow body, with a metallic lustre; it is 
decomposed by ignition in air or when heated in chlorine 
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gas, but not by hydrogen at a red beat; and it is not bo 
readily fusible as the sulphide first described. 

A hydrated nickelous sulphide is precipitated as a dark 
brown or black precipitate upon* the addition of anunonic 
sulphide to a neutral solution of any salt of nickel; but it 
oxidizes by exposure to the atmosphere, with the production 
of a soluble sulphate, and it is also sparingly soluble in an 
excess of amnionic sulphide. If heated out of contact with 
the air the hydrated sidphide parts with its water and yields 
the anhydrous sulphide. 

Nv6hdio dtstdphide (NiS2) forms a steel-grey powder when a 
mixture of nickelous carbonate, potassic carbonate, and sulphur 
is heated to dull redness. It is decomposed by chlorine with 
the production of the chlorides of nickel and sulphur. 

156. Nickel and Arsenic. — A combination of these 
elements occurs native; one of the principal ores of the metal 
.—<< copper nickel or kupfemickel" — being an arsenide of 
nickel, and other ores as Glocmthitef Bammehberffite, etc., are 
essentially arsenides of nickel; while the artificial product 
known as "speise" from which the metal is largely ex- 
tracted, contains nickel chiefly as arsenide. Union of nickel 
and arsenic occurs when finely-divided nickel is heated in a 
closed vessel with an excess of arsenic; and arsenic is made 
the vehicle for concentmting and separating nickel from most 
of the other metals (except cobalt), with which it occurs 
associated, arsenic thus playing a similar part in the metal- 
lurgy of nickel and cobalt ^at sulphur does in copper smelt- 
ing. Small quantities of arsenic suffice to render nickel 
readily fusible. 

Four compounds of nickel with arsenic, corresponding to 
the formulae Ki2As,Ni3As2,NiAs,NiAs2, are described as 
occurring native or as being capable of production artificially, 
the first-mentioned forming a brittle, non-magnetic body 
when nickel and arsenic are heated together in the manner 
stated above, or when arsenate of nickel is heated to white- 
ness in a crucible lined with charcoal; while the second 
formula corresponds to a crystallised speise sometimes occur- 
ring in smalt works; and the remaining two varieties occur 
as native products^ constituting ores of nickel of more or leas 
importance. 
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167. Nickel Speise. — This is a brittle, metallic-looking 
body, consisting essentially of a mixture of the arsenides, 
sulphides, and occasionally also antimonides of nickel, iron, 
ana copper, which collects in the bottom of the pot in the 
preparation of smalts by the fusion of the roasted arsenides 
and sulphursenides of these metals with certain fluxes, after 
the manner detailed on page 342, which product (speise) is 
then employed as a source of nickel. The composition of 
this body is indicated by the following analyses — 

ANALYSES OF NICKEL SPEISE. 
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If an arsenide of nickel, cobalt, and iron be roasted or sub- 
jected to the joint influence of heat and air, the iron first 
suflers oxidation, leaving the nickel and cobalt in combina- 
tion with the arsenic; so that, on the fusion of such a com- 
pound with silicious matters, after previously roasting it to 
a degree only sufficient to oxidize the iron, then the oxidized 
product (iron) is slagged ofl^, leaving a speise of the arsenides 
of nickel and cobalt; while, if the roasting be again repeated 
upon the last-mentioned product, the cobalt first suflers oxida- 
tion, and then fusion of the imperfectly roasted materials with 
silicious matters yields a slag or glass of cobalt, whilst the 
nickel remains in combination with the arsenic. Iron, cobalt, 
and nickel are in descending order of oxidability, and would 
accordingly be slagged ofl* in this order, as above indicated, 
by alternately impeifectly roasting and fusing with successive 
portions of silica, quartz, or other silicious matters. 

158. Ores of Nickel. — Of the ores of nickel the most 
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Important, and those from which the nickel of commerce is 
largely obtained, are kup/emickel and nickel speise; while the 
other more important of its ores are nickeliferoua pyrites, 
nickel glance, arsenical nickel, etc. The ores of nickel occur 
in most parts of the world where other metalliferous deposits 
exist; but the most abundant supplies are found chiefly in 
Norway, Sweden, Hungary, and South America. 

Kupfemickel, false copper or copper nickel, is an axsenide 
of nickel (NiAs2), constituting the principal ore of the metal. 
It occurs as a coppery-red, opaque, brittle body, sometimes 
crystallised in hexagonal forms, at others in massive, reni- 
form, columnar, or arborescent forms. Its specific gravity 
varies between 7*3 and 7*5, and its hardness is 6-5. Its 
streak is pale brownish-red; it possesses a metallic lustre, 
and" exhibits a grey or blackish colour when tarnished. Ana« 
lyses of this mineral show it to contain from 35 to 45 per 
cent of nickel, the residue being chiefly arsenic, with only 
small proportions of sulphur, iron, etc., but occasionally anti- 
mony is present in not inconsiderable amount. This mineral 
occurs in Bohemia, Thuringia, Hesse, Styria, Saxony, Nor- 
way, Westphalia, Hungary, France, Cornwall, Connecticut, 
etc., usually associated with ores of cobalt, silver, and copper; 
and occurring in gneiss, mica-slate, clay-slate, quartz, syenite, 
etc. Other arsenides of nickel occurring native are Cloan- 
thite, Eammelsbergite, etc. 

Nickeli/eroTis pyrites or capillary pyrites (NiS) is a native 
sulphide of nickel which occurs as a brass-yellow, brittle, 
opaque solid, having a metallic lustre, with a hardness of 
from 3 to 3*5, and often occurring in rhombohedral crystals, 
although most frequently occurring in stiings or threads along 
with other minerals. It is found in Bohemia, Przibram, 
Andreasberg, Johanngeorgenistadt, Kiechelsdorf, etc., in Corn- 
wall, and in Pennsylvania. 

Nickel glance is a silver- white or steel-grey brittle mineral, 
with a metallic lustre, a greyish-black streak, and a hardness 
of from 5 to 5 '5. It occurs massive or crystallised iq. mono- 
metric or cubic forms. It varies much in composition, but 
contains usually from 25 to 30 per cent, of nickel, with from 
40 to 45 per cent, of arsenic, and from 15 to 20 per cent, of 
sulphur; while other varieties contain from 40 to 60 per 
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cent, of antimony, and smaller proportions of arsenic. It 
occurs in Sweden, "Westphalia, Thuringia, Hartz, Styria, 
Hungary, etc. 

Amongst other minerals containing nickel in large propor- 
tions may be noted milleritef a native nickelous sulphide; 
emerald nickel, a native nickelous hydrocarbonate; anna- 
hergiU or nickel bloom is an ai'seniate of nickel. 

159. Extraction of Nickel. — Works for the extraction of 
nickel, or for the preparation of the nickeliferous regulus, 
speise, etc., from which the metal is extracted, exist at 
Swansea, Birmingham, in Belgium, Westphalia, Silesia, 
Saxony, Austria, Hungary, Sweden, Norway, and the 
United States. As already noted the metal is chiefly ex- 
tracted from kupfemickd, or from a concentrated nickd- 
iferoics regultiSf speise, etc., the latter consisting of an arsenide 
of nickel, etc., as indicated by the analyses on page 329, and 
prepared in the smalt works in the manner desciibed, page 
342. But besides these, other ores are treated for the pro- 
duction of a regulus or nickel speise; thus in the Grand 
Duchy of Baden there occurs a magnetic pyrites with copper 
pyrites, which contains from 2*5 to 5 per cent., and sometimes 
even 10 per cent, of nickel, and this ore is smelted in blast 
furnaces for a regulus which is calcined, remelted, and at last 
refined so as to yield a metal containing from 60 to 63 per 
cent, of nickel, 24 to 27 per cent, of copper, and only '03 to 
'05 per cent, of iron, which product is then sold to the nickel 
refiners for the extraction of the nickel. Again, in Norway 
the ore is a magnetic pyrites containing usually from 1 '5 to 
3 per cent, of nickel, although occasionally reaching to 5 or 
7 per cent, of this metal. Thia ore is first calcined in large 
heaps, then smelted with coke in blast furnaces to obtain a 
regulus, coarse-metal, or speise, containing from 15 to 17 per 
cent, of nickeL This product is again roasted in kilns and 
smelted for a second regulus containing from 30 to 35 per cent. 
of nickel, which is then remelted with coke in an open hearth 
under the oxidizing influence of a strong blast, by which 
nearly the whole of the iron, with a portion of the sulphur, is 
oxidized, and an alloy, white metal or rich speise, containing 
from 50 to 60 per cent, of nickel, with from 25 to 30 per 
cent, of copper, and 24 to 26 per cent, of sulphur, is obtained; 
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and this rick speise is subsequently treated by chemical 
means, at the nickel refineries, for the separation of the 
nickel. 

The exact methods of procedure observed in the extraction 
of nickel are kept as secret as possible; yet several methods 
have been published by various authors, from which the 
following are collected. If kuj}femickel or apeise be the sub- 
ject of operation, the product is reduced to powder, aoid after 
sifting, it is carefully roasted at a gentle heat, for the expul- 
sion of the greater portion of the arsenic, whilst the nickel 
and cobalt are oxidized; but the process requires to be re- 
peated with an admixture of charcoal dust, so as to decom- 
pose any arseniate of nickel formed in the first roasting, and 
these operations are repeated until the ore ceases to evolve any 
arsenic^ vapours, or is perfectly sweet. Or instead of directly 
roasting the powdered speise, it is a practice at Birmingham 
to first fuse the speise with chalk and fluor-spar in a rever- 
beratory furnace, then throw away the slag so obtained and 
grind the fused product, after which it is roasted as before 
in a reverberatory furnace for about 12 hours, or until 
arsenical fumes cease to be evolved. After this roasting the 
product contains principally nickel, cobalt, iron, copper, small 
quantities of arsenic and possibly of bismuth, and it is then 
subjected to a series of wet operations for the extraction of 
nickelous oxide free from arsenic and the other metals, and 
it is the exact mode of procedure observed in these opera- 
tions that are generally considered as trade secrets, and not 
therefore usually divulged, yet, as before mentioned, numerous 
methods have been published, from which the followiag may 
be cited. 

According to a method pursued at Birmingham, as pub- 
lished by Louyet, the roasted ore is to be digested with hydro- 
chloric acid, the solution being heated by steam, when the 
acid thus dissolves almost the whole of the ore or regulus, 
and the solution so obtained contains the chlorides of nickel, 
cobalt, copper, iron, and possibly of bismuth, along with traces 
of arsenic acid; the solution is then largely diluted with 
water, by which bismuth, if present, is largely precipitated 
as oxychloride, and bleaching powder (chloride of lune) is 
then added to peroxidize the iron; while, should there be 
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an absence of iron in the solution, then ferric chloride 
most be added in order to precipitate the arsenic acid in 
the form of a basic arseniate of iron, after which the sohi- 
tion is neutralised by the addition of milk of lime, which 
precipitates as ferric oxide the residue of iron remaining in 
the solution. The precipitate, after well washing with water, 
is thrown away, and the filtnite then contains the nickel, 
cobalt, copper, and perhaps traces of lead and bismuth; the 
iron, arsenic, and most of the bismuth having been removed 
in the precipitate, and the copper along with any lead or 
bismuth remaining, are now separated by passing a current 
of sulphuretted hydrogen through the liquid until the filtrate 
gives a black precipitate on the addition of ammonia, show- 
ing that the sulphuretted hydrogen is present in excess, and ' 
that the whole of the copper has been precipitated. The 
solution is then filtered from the precipitate of cuprous sul- 
phide, etc., the latter being washed with water, and the 
washings added to the filtrate; the solution so obtained, and 
which now contains only the metals, nickel and cobalt, is 
boiled to expel the excess of sulphui-etted hydrogen, aifter 
which it is neutralised by lime, and then chloride of lime 
is added to precipitate any cobalt, which precipitate after 
ignition, is sent into the market for sale as cobaJtous oxide; 
while the nickel is subsequently precipitated from the filtrate 
as hydrated oxide by the addition of milk of lime, and after 
washing is dried and subsequently reduced to the metallic 
state by strongly heating with powdered charcoal, in the 
manner to be subsequently described. 

. A method of separating the oxide of nickel described by 
Berthier, consists in first mixing the roasted speise or kup- 
femickel with an amount of tro7», determined by a previous 
experiment as being necessary for combination witJi the arsenic 
acid, whereby the latter may be removed as ferric arseniate. 
The mixture of j'oasted materials and iron is then dissolved 
with the aid of heat in nitro-hydrochloric acid (aqua regia), 
containing an excess of nitric acid; this solution is tiien 
evaporated to dr3mess, and the product treated with water, 
by which much of the ferric arseniate is left as an insoluble 
residue, while the little that is taken up in solution is pre- 
cipitated along with any cuprio oxide by the addition of sodic 



334 aiETALLUBOY. 

carbosate to tlie filtrate, contmuing tlie addition of the sodic 
carbonate with constant stirring of the solution until the 
precipitate shows a green tint. The precipitate thus thrown 
down rapidly changes upon exposure to the atmosphere, from 
white to brown, and if this change does not occur, it indi- 
cates an insufficiency of ferric oxide in the solution, and it 
becomes necessary to add ferric chloride to the solution; whilst 
any excess of ferric chloride so introduced is subsequently 
precipitated by the cautious addition of sodic carbonate. To 
the filtrate is then added sulphuretted hydrogen, by which 
the remainder of the copper is precipitated; and the nickel 
and cobalt present in the filtrate are then completely pre- 
cipitated at a boiling temperature by the addition of sodic 
.carbonate. The precipitate, consisting of the carbonates 
of nickel and cobalt, is now thoroughly washed, and then 
diffused through water into which cUorine gas is passed so 
long as it is absorbed, after which the solution is exposed to 
the atmosphere for the evaporation of the excess of chlorine 
so introduced, and then filtered, upon which the nickel freed 
from cobalt passes into the filtrate as the soluble nickelous 
chloride, whilst the precipitate remaining on the filter con- 
sists of cobaltous oxide containing also a little oxide of nickeL 
The oxide of nickel is afterwards precipitated from the solu- 
tion by the addition of an alkali, and when washed and dried 
is then reduced by charcoal. 

Several other wet processes have been described for the 
separation of the oxides of nickel and cobalt from the roasted 
speise, kupfemickel, or other nickeliferous product, but the 
above sufiice to indicate the general method pursued in the 
preparation of nickelous oxide from which the metal is 
reduced. 

Metallic nickel is always extracted on the large scale from 
its oxide, prepared by the above or similar methods, its re- 
duction being effected by very strongly heating the oxide with 
charcoal. For this puipose the dried nickelous oxide is broken 
up into small pieces, and mixed with powdered charcoal; 
this mixture being introduced into a series of fire-clay cylin- 
ders, open at their upper extremity, while their lower end is 
conical in form, and contains an aperture for withdrawing 
the charge. These cylinders are set vertically in a fire-grate 
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or furnace, the conical end of their lower extremities passing 
beneath the fire-bars, whilst their upper ends are left open 
for the introduction of the charge. The mixture of oxide 
and charcoal having been introduced, the fire is then urged 
strongly, when the metal reduced by the ascending current of 
carbonic oxide collects in the bottom of the cylinders in a 
very imperfectly fused state, the lumps of metal so obtained 
still retaining the original form of the pieces of oxide intro- 
duced, thus indicating that the reduction is efiected by a species 
of cementation, the reduction proceeding from the exterior 
towards the interior without absolute fusion. The reduced 
metal is withdrawn at intervals through the apertures in. the 
bottoms of the cylinders, and fresh portions of the charging 
mixture are added frOm time to time at the mouth of the 
cylinders, so as to render the process continuous during the 
whole time of the reduction, or until it is necessary to stop 
the process for repairs, etc. If the metal be required in 
ingots, it is necessary to fuse the limips obtained in the last 
stage, for which purpose the strongest head of a wind furnace 
or forge fire is required. 

160. Alloys of Nickel. — ^The chief application of nickel to 
the arts is in the manufacture of the various white malleable 
alloys^ constituting German or nickel silver^ pachfong, elec- 
trum, and tutenag, formed by alloying it with varying pro- 
portions of copper and zinc; thus German silver is an alloy 
of 5 parts of copper, with from 2 to 3 parts of nickel, accord- 
ing to its quality and intended use, and 3*5 parts of zinc; 
while in electrum, to 8 parts of copper and 3*5 of zinc, from 
4 to 6 parts of nickel are added, and the Chinese tutenag 
contains about 8 parts of copper to 3 of nickel, and 6*5 of 
zinc. 

161. Nickel Silver or German Silver. — This alloy, now 

prepared largely as a basis for electro-plating upon, and as a 
substitute for silver, consists of copper, zinc, and nickel, in 
proportions varying with the purpose for which it is intended. 
The alloy, composed of 5 parts of copper with 3 of zinc and 
2 of nickel, is employed for electro-plating upon; while for 
use in the manufacture of table-forks, spoons, etc., a better 
alloy, consisting of equal parts of nickel and zinc, with 2 of 
copper^ is employed^ and for rolling purposes an addition of 
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about 2 per cent, of lead is made; whilst for oacting 50 
parts of copper, 20 of zinc, and 25 of the best pulvarised 
nickel, forms a good alloy. The addition of a small quantity 
of iron or steel increases the hardness and brittleness of the 
alloy, and at the same time renders it whiter in colour. The 
following analyses are given by Dr. Lambom*- 

ANALYSES OF GERMAN SILVER. 
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English German Silver, • • . • 
Sheffield German Silver, • • • • 


61-3 
67-0 


19-1 
240 
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Owing to the high temperature required for the fusion of 
the nickel, and the low melting point and ready oxidabili^ 
of zinc, the preparation of this alloy is attended with a con- 
siderable loss of zinc, and special care is acconUngly required 
in its production. In the manufacture of nickel silver, three 
methods are pursued : either the copper and nickel are melted 
together in a separate crucible, and the heated zinc added to 
the bath in small pieces; or the zinc is first melted with one- 
half of the copper, and the alloy so formed cast into thin plates 
so as to be eaally broken, whilst the nickel is melted with the 
second portion of the copper in another crucible, to which, 
after thorough mixture, the first alloy is added in small 
pieces until the necessary composition has been attained; or 
thirdly, the constituent metals are arranged in layers in the 
crucible, with copper forming the lowest and uppermost layer, 
and the surface is then weU covered with charcoal, when the 
crucible is heated in an air furnace with a slarong draught so as 
to rapidly melt the metals, which are stirred continuously to 
ensure their thorough incorporation, especially of the diffi- 
cultly fusible nickel. 

German or nickel silver is greyer in colour and harder 
than silver, and is capable of receiving a high polish; its 
fracture after casting is strongly crystalline, and the alloy 
requires, in the first instance, cai^ful annealing before rolling 
or hammering; but after the crjrstalline character has been 
thus overcome, the metal may be hammered and rolled into 
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a variety of formfl, whQe some specimens possess considerable 
elasticity. (German silver acquires a yellow tarnish when 
exposed to the atmosphere, and in acid solutions, as vinegar, 
with access of air, it becomes coated with a layer of green 
verdigris; heated to bright redness in the atmosphere, the 
alloy fuses whilst a proportion of the zinc bums away. 

An alloy possessing many of the qualities of German silver 
may be prepared by cJloying together copper and manganese, 
or copper, zinc, and manganese, thus substituting manganese, 
for nickel is the original (German silver, and an alloy of this 
character is described at page 17. 
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CHAPTER Vin. 

COBALT. 

This metal is chiefly employed in the arts in the form of 
oxide, silicate, or other chemical combination, constituting 
the basis of a large number of pigments, and a material largely 
employed for imparting a blue colour to glass, enamels, etc. 
In these forms it appears to have been known from an early 
date, but it was not omtil 1733 that Brandt determined its 
metallic character, and succeeded in preparing the impure 
metal. 

182. Chemical and Physical Qualities. — Cobalt is a 
greyish-white metal possessing a reddish tinge, and capable 
of receiving a high polish. It breaks with a granular or 
crystalline fracture, and requires a very high temperature for 
its fusion, though somewhat lower than is required to melt 
iron. Its specific gravity after fusion is 8*7; but its mean 
specific gravity is given by Rammelaberg as 8 •957. It is 
strongly magnetic, although this quality may arise from the 
almost invariable presence of traces of nickel in the metal. 
It is possessed of great tenacity — a wire of cobalt supporting 
twice the weight required to break the same wi^ formed of 
iron; and Devil le considers it to be the most malleable of 
the metals. Cobalt is not sensibly oxidized by exposure to 
air and moisture at ordinary temperatures, but it oxidizes at 
a red heat, and, when in a fine state of division, takes fire 
if strongly heated, burning with a reddish flame, and as 
reduced from its oxide by hydrogen it is pyrophoria It 
decomposes the vapour of water at a red heat Cobalt is 
slowly dissolved by the mineral acids on the application of 
heat, yielding thereby solutions of salts of cobalt, and if 
hydrochloric or sulphuric acid be the solvent employed, then 
hydrogen is also evolved. Cobaltous salts are pink or rose 
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coloured when hydrated, and blue when anhydrous, from which 
quality they are used as sympathetic inks: characters written 
with the solution of salts of cobalt being almost invisible, 
but on applying, heat the salt is rendered anhydrous, and the 
characters appear of a blue colour. The atomic weight of 
cobalt is 58*7, and its chemical symbol is Co. 

168. OzidCB of Cobalt. — Cobalt forms two definite oxides : 
cobaltous oxide (CogO) and cobaltic oxide (C04O3), and these 
by combination with each other, give rise to three inter- 
mediate oxides. The oxides of cobalt are the object of a 
regular manufacture, being employed alike by enamellers, 
porcelain painters, glassmakers, etc., for imparting to their 
wares the blue colour known as " cobalt blue.** 

CobalUms oxide results when its hydrate er carbonate is 
ignited in closed vessels; and it is also produced along with 
cobaltic oxide, when finely - divided cobalt bums in the 
atmosphere. The first method yields the oxide as a greenish- 
grey powder, while, as prepai^ed^ by the latter method, it is 
obtained as a blackish powder. 

The hydrate of this oxide (cobaltous hydrate) is precipi- 
tated when potash is added to a solution of a cobaltous salt, 
but it loses water at 100^ C, when it is converted into the 
anhydrous oxide if air be excluded, or into cobaltic oxide 
(C0UO3) if exposed to the atmosphere. 

GDbaltous oxide is reduced to the metallic state by hydro- 
gen, carbon, or carbonic oxide at a red heat ; and if heated 
with sulphur it yields sulphide of cobalt and sulphurous 
anhydride. 

CobaUie oxide (C04O3) is a black body, produced when 
chlorine is passed through water holding cobaltous hydrate 
in suspension, or when an alkaline hypochlorite is added to 
a salt of cobalt. 

These oxides, as already noted, are manufactured on the 
large scale (chiefly by the Birmingham nickel refiners) for 
use in the potteries and by glassmakers, enamellers, etc. In 
their production as commercial commodities, the regulus or 
speise obtained in the smelting of ores of nickel and cobalt, for 
tiie extraction of nickel, are first calcined; then the roasted 
product^ containing oxides of nickel, cobalt, iron, copper, and 
probably bismuth, along with som^ arsenic in the form of 
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arsenic acid and basic arseniates, is dissolved in sksmg hydro- 
cUoric acid. The acid liquid is now neutralised with milk 
of lime and diluted, upon which iron, arsenic, and bismuth 
are precipitated, when after allowing ^e precipitate to settle, 
the supernatant liquid is drawn off into vats, made acid with 
hydrochloric acid, and a current of sulphuretted hydrogen is 
then passed through the solution, whereby copper, etc., are 
thrown down as sulphides, while the solution still contains 
the nickel and cobalt. When the precipitate has subsided, 
the solution is again drawn off, and the hydrated oxide of 
cobalt is precipitated by the addition of hypochlorite of lime 
or bleaching powder. The hydrated oxide so obtained, after 
heating to redness, constitutes the commercial " blue oxide 
of cobalt," or if heated to whiteness, it is known as " pre- 
pared oxide." 

The impurities likely to occur in the commercial oxide ai'e 
the oxides of nickel, iron, copper, lead, zinc, arsenic, anti- 
mony, bismuth, aluminum, silicon, magnesium, and calcium; 
it is also occasionally adulterated by the addition of chalk. 
If these impurities amount in the aggregate to more than 
2 per cent, of the whole, the oxide is totally unsaleable in 
the potteries, except for exceptionally inferior purposes. 

184. Phosphate of Cobalt. — ^This compound is precipi- 
tated as a deep violet-coloured precipitate, when a solution 
of sodic or potassic phosphate is added to a soluble salt of 
cobalt. The precipitate is used in the pigment '^ Th^enarcPa 
blue," 

165. Sulphides of Cobalt. — Cobalt forms compounds 
with sulphur, analogous to the oxides, the more important 
being cobaltous sulphide (CooS), and cobaltic sulphide (Co^S,). 
The former occurs native, but also results as a grey semi- 
metalHc looking mass, when sidphur is projected upon the 
heated metal; or when cobaltous sulphate is heated to white- 
ness with charcoal. Cobaltic sulphide is a dark-grey body, 
obtained by the ignition of cobaltous oxide with sulphur and 
an alkali. 

166. Cobalt and Arsenic. ^- The combinations of these 
elements give rise to easily fusible compounds, obtained as 
iron-grey, brittle products, when arsenic and cobalt are fused 
together. The arsenides of cobalt also occur native, consti- 
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tuting tlie chief ores of this metal, as will be indicated subse- 
quentij. The arsenides occurring native are, however, never 
quite pure, the cobalt being more or less replaced by nickel 
and iron, and accompanied by smaller quantities of other 
bodies. 

167. Alloys of Cobalt. — ^With tin, cobalt forms a violet- 
coloured alloy, which is somewhat ductile. The pi*esence of 
cobalt in only small quantities suffices to induce brittleness 
in gold and silver, and with iron it yields a very hard alloy. 
The amalgam of cobalt with mercury is silver white, and 
is attracted by the magnet. 

168. Ores of Cobalt— The chief ores of cobalt are the 
arsenides and sulpharsenides, and their commercial value 
depends not only upon the amount of cobalt present in the 
ores, but also upon their freedom from other metals, with the 
exception of nickel, which should be -present in sufficient 
quantity to render its separation profitable. 

Arsenical cobalt, tin-white cobalt or Smaltine (CoAs), is the 
most abundant ore of cobalt; it is tin- white in colour, inclin- 
ing in the ma»ssive form to steel-grey. It crystallises in the 
regular system, has a greyish-black streak, is brittle, breaking 
with a granular, uneven fracture, and tarnishes by exposure 
to the atmosphere; before the blowpipe it emits copious 
arsenical fumes, and frises but with difficulty. This ore 
occurs in the primitive rocks at Freiberg, Schneeberg, and 
Annaberg in Saxony; at Joachimsthal in Bohemia, Reichels- 
dorf in Hessia, and Tunaberg in Sweden; in which localities 
it accompanies silver, bismutib, and copper ores, it also occurs 
in Cornwall. This mineral aJways contains nickel or iron, 
or both, and it receives various names according as the pro- 
portions of nickel or iron are present in considerable propor- 
tion or otherwise. 

A higher arsenide of cobalt (CojAss), known as '* Mo- 
dumite,^* also occurs native in Norway. 

Cobalt glance, silver-white cobaU, or cobaUine, is a native 
sulpharsenide of cobalt (CojAsS), corresponding in composi- 
tion to the analogous ore of iron, known as mispickel. 
Cobaltine is silver-white in colour, but possessing a i^dish 
hue; it has a metallic lustre, is brittle, and its streak is 
greyish-black; it occurs crystallised in the regular or cubic 
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syatem, and alao massive, granular^ or compact. Before ihe 
blowpipe it emits arsenical fumes, and fuses much more readily 
than smaltina This ore occurs at Tunabei*g, Hokansbo,.Wehna, . 
etc., in Sweden; at Modum and Skutterud in Norway; also 
in Silesia, Westphalia, and some localities of ComwalL The 
tnUUta of commerce are largely prepared from this ore. 

CohcbU pyrites or linnceite is a sulphide of cobalt, having a 
steel-grey or white colour, but with a yellowish tinge. It 
occurs in Sweden and in Prussia. 

Earthy cobalt is a variety of " wad " or earthy manganese 
ore, but which contains cobalt. 

Cobalt bloom, erythrine, or cobalt mica, is an hydrated arsenate 
of cobalt (C03ASO4 4- 4H2O), which occurs of various shades 
of red, grey, and green, with a peach-blossom coloured streak. 
The earthy variety is peach-blossom colour, and is an arsenate 
of cobalt containing free arsenious acid. This ore occurs 
in compact reniform masses, or as an incrustation on other 
minerals, and is generally associated with lead, silver, and 
other cobalt ores. Cobalt bloom occurs at Schneeberg, in 
Thuringia, Hessia, Baden, Norway, Bohemia, Cornwall, Cum- 
berland, and in the district of Lake Superior. 

169. Extraction of Cobalt — Cobalt is not employed in 
the metallic state in the arts, and its extraction is not there- 
fore conducted on the large scale, its compounds with oxygen 
and silica forming the chief commercial forms in which the 
metal occurs. The extraction of the pure metal in the 
metallic state is attended with great difficulty; but it may 
be obtained by intensely igniting the oxalate in a covered 
crucible, by the reduction of its oxides with hydrogen at a 
red heat, or by the ignition of the oxide with charcoal. In 
the latter case, however, the metal is contaminated with 
carbon. The metal is also obtained as a fused regulus, when 
the mixture of cobaltous oxide and charcoal is heated in a 
blast furnace, the surface of the product being covered with 
a layer of glass, free from oxides reducible by carbon. 

170. Smalt. — ^This is a blue pigment or glass consisting 
essentially of potash, oxide of cobalt, and silica, or is a silicate 
of potash (potash glass) coloured by oxide of cobalt; and the 
manufacture of this substance forms almost the only metal- 
lurgic operation in connection with cobalt ores. 
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The mamufacture of smalts comprises two stages, first, roast- 
ing or calcincUion of the ores for the oxidation of the iron, 
etc., and the more or less perfect volatilization of their sul- 
phur and arsenic; secondly, /vMon of the roasted product in 
crucibles along with silica (in the form of powdered quartz, 
technically known as sano^ and pearl-ashes (carbonate of 
potash), sdso sometimes a little nitre is added. 

The ores are first carefully assorted, and the purer portions 
separated; when, after washing to separate the matrix and 
such other portions as allow of separation by these means, 
they are stamped, ground fine, and passed through a fine sieve. 
If the ore contain bismuth, it must be first subjected to a 
process of liquation for the separation of this metal; after 
which treatment, if any bismuth still remain after this pro- 
cess, the greater portion of it will be found forming a layer 
beneath the speise to be presently described. 

The ores, thus freed as thoroughly as possible by mechani- 
cal means from gangue and foreign metals, are then roasted, 
and this forms the most important stage of the manufacture. 
The roasting is conducted on the bed of a reverberatory fur- 
nace, connected with fiu^ *and poison-chambers for the con- 
densation of the large quantities of arsenious acid volatilised 
during the process. The charge of about 4 cwt. of the pasty 
ore is introduced through the front door of the furnace, and 
spread to a depth of 5 or 6 inches over the surface of the 
hearth, the latter, like the roof, being built of fire-stone, fire- 
brick, or tiles. The flame, along with the volatile products of 
the calcination, sulphurous anhydride (802); and arsenious 
anhydride (AsgOj), are conveyed along a flue, which returns 
around the flreplace before entering into the large chamber 
through which the products pass in their course to the stack, 
and where the arsenious anhydride is condensed and collected, 
the condensation of this product forming an important auxil- 
liary process in the manufacture of smalts. The ore on the fur- 
nace hearth is turned over after two hours exposure, and is 
stirred at intervals of half an hour until the roasting has 
attained the desired point; the extent to which the roasting is 
continued depending upon the freedom of the ore from other 
metals, especially iron. If the ore he free from nickel and other 
foreign metals, that is, if it contains orU^ arsenic and cobalt, 
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then it maybe roasted as 8weet as possible; when the arsenic 
is to a large extent sublimed as arsenions anhydride, and there 
remains only the oxide of cobalt^ with more or less basic arsen- 
ate of cobalt, of which the arsenic acid in the latter is expelled 
as arsenions anhydride and oxygen, on treatment with silica 
at the high temperature required in the subsequent fusian. 
If the ore be poorer and contain nickel in addition, then the 
roasting is continued only so fear as will leave sufficient 
arsenic in the mass, in the state of arsenide, as is required to 
combine with the nickel in the subsequent fusion, when the 
nickel will be separated as a speise, forming a distinct layer in 
the crucible or pot beneath the blue glass of cobalt If, how- 
ever, both iron and nickel be contained in the ore, it will be 
necessary to regulate the roasting so as to introduce sufficient 
oxygen to oxidize the whole of the iron present, and to leave a 
little more arsenic in the product in the form of arsenides ihan 
will suffice to combine with the whole of the nickel; when, on 
fusion, the iron, copper, and other readily oxidizable metals 
will pass out in the slag, while the nickel with a little cobalt 
will separate as arsenides constituting the refftdtu or epeise, 
which forms the lowest stratum in the melting crucible; and 
the cobalt will be concentrated in the STnaU or bhie glow, 
forming the third product. 

The above reactions depend upon the superior oxidability 
of iron over cobalt and nickel, and the decreasing affinity for 
arsenic exercised by nickel, cobalt, and iron respectively, 
in virtue of which cobalt may be separated from an iron slag 
containing it by fusing the slag with arsenide of iron, when 
the cobalt will separate as a cobalt speise or arsenide, while 
the iron passes out in the slag. 

The determination of the duration of the roasting process, 
as also the amount of silica to be added in the subsequent 
fusion, is determined experimentally for each lot of ore; for 
which purpose a small portion of the ore is roasted and 
treated as in the manufacturing process, and the operation is 
repeated until the required tint is obtained, when tike product 
so produced is imitated on the large scale. 

The roasted ore, which is of a brownish-grey colour, and 
sometimes called " safflor," is then mixed in the proportion 
of about 4 parts of roasted ore to 10 parts by weight of 
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silica am) 5 of potastdc carbonate, the exact proportions differ- 
ing, however, according to the tint required, and which have 
hefia previonaly determined experimentally. Also a, quantity 
of the crude areeniouB anhydride from the poison-chambers 
is added in order to neutralise the tint produced by any small 
quantities of iron that may be present in the product, but 
the exact proportion of the arsenious acid is not material, 
since any excess is volatilised at the temperature of the fusion. 
The ingredients, in quantity sufficient to supply the crucibles 
for one week, are mixed in long wooden troughs, the silica 
being employed in the form of quartz which haa been heated 
to redness, rednced to fine powder in a stamping-mill, and 
then wsahed to freo it from earthy and ferruginous matters, 
after which it is dried and heated to redness, when it consti- 
tutes the mnd employed in the process. To expel moisture 
&om the potassic carbonate (which should be free from any 
Bodic carbonate or chloride, as also from magnesia, potassic 
sulphate, etc), and to render it more easily mixable with the 
sand and roasted ore, it is calcined before ose in a reverber- 
atoiy furnace. The mixture of roasted ore, sand, tmd calcined 
potassic carbonate, is then introduced into the red-hot earthen 
pots or crucibles a, a, measuring about 2 feet in diameter at 
the mouth, and each holding about 80 lbs. of the mixture; 



Fig. 67. — Furnace Euploybd in the pBonuvnoir of Shalt. 
and eight of these ]>'its are arranged in a vaulted chamber or 
furnace, fig. 67, resembling an ordinary glass furnace, con- 
Btmcted BO as to consume either wood or (raal as fuel. 
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In from six to eight hours after charging the pots the fusion 
commences, when the workman breaks the crust that forms on 
the surface, and afterwards stirs the mixture from time to 
time.- When the furnace has attained a white heat the stirring 
is discontinued to allow of the separation of the speise from 
the blue glass, and the melting is judged to be complete when 
the glass adheres to a rod inserted into it, and may be drawn 
out into fine threada The speise collected in the bottom of 
th6 pot is tapped out through the aperture in the side of the 
crucible, and the scum from the surface is skimmed off; after 
which the smalts blue glass, or metal, as it is called, is degraded, 
that is, it is ladled from the pots by a large iron ladle and 
poured into cold water, whereby it is disintegrated, rendered 
brittle, and more easily reduced to powder; and, when all 
the pots are emptied, recharging commences. 

If nickel be present in the cobaltiferous ores, there is pro- 
duced in the crucibles speise, hhie glass, and glass gall, each 
forming a distinct layer, the glass gall constituting the upper- 
most stratum or scum; the blue glass constitutes the middle 
layer, and lowermost occurs the speise. The speise is a 
semi-metallic looking body, which is subsequently used for 
the extraction of nickel; it has a variable composition, but 
is essentially an arsenide of nickel, containing also small 
quantities of other metals, as indicated by the accompanying 
analyses — 
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The smalt thus 'disintegrated by pouring it into cold water, 
is then stamped or crushed between rollers, after which it is 
ground to a very fine powder or impalpable pulp between a 
pair of granite stones, working beneath the surface of water 
contained in a wooden trough. After some hours grinding, 
the contents of the trough are drawn out into tanks, where 
the purest and darkest coloured smalt quickly subsides to 
the bottom, when the water, still holding in suspension a 
considerai;ble proportion of solid matters, is drawn off into a 
second series of troughs, where a less pure product is allowed 
.to subside; while the operation of letting out and again allow- 
ing to settle is repeated for the separation of still inferior 
qualities of the product, the time allowed for subsidence in 
each trough increasing in each from the first; thus a few 
minutes will suffice for the separation of the first quality, 
while about an hour is allowed for the second subsidence, 
and so on. Instead of drawing off the water from each tank 
in the manner just described, the process may be conducted 
by grinding the blue glass in a tank through which a gentle 
stream of water is continually flowinff, when the water, carry- 
ing the smalt in sixspension, is made to pa^ through a series 
of depositing vessels or tanks^ so arranged that the overflow 
from the one passes to the next below it in the series, and each 
one is made larger than its predecessor, so as to hold the 
water for a longer time, as required for the separation of the 
finer particles with which the water is charged as it gets 
further away from the grinding apparatus; while the colour of 
the product at the same time dinunishes' in intensity in each 
tank from the first to the lowest of the series. The different 
qualities of the product thus obtained are each again sub- 
jected to a further levigation, and for this purpose ^e smalt 
is broken up, introduced into troughs, and thoroughly agitated 
by the igrorkmen, when, after a few minutes of rest, the water 
holding in suspension the finer particles of smalt, with the 
impurities, glass gall, etc., is run out into other troughs for 
further subsidence, and so on with each quality; this break- 
ing up and washing being repeated several times upon each 
quality of the product, with the allowance, after each wash- 
ing, of a longer period for the subsidence, the time extending 
to 20 or 24 hours in the last stage of the washing operations. 
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The various qualities of the product thus thorongUy washed, 
after drying, which may be performed either in stoves or by 
atmospheric influence, are ground to a fine meal between 
rollers or other appliances, and is then carefully sifbed through 
a fine hair sieve, and the smalt or azure is then ready for the 
market. 

Various other more purely chemical methods have been 
adopted at different works for the preparation of smalt, 
according to which processes, the ore, after careful roasting, 
is treated with sulphuric acid, or fused with potassic sulphate; 
when the sulphates produced by either method are treated 
with water, after which potassic carbonate is added to the 
solution, whereby the iron is first precipitated and removed, 
when, if the addition of potassic carbonate were repeated, 
the cobalt would be precipitated as cobaltous carbonate, which 
could be used for the' production of smalts by fusion with 
silica, etc. ; or, in another modification, the potassic carbonate 
is added to the solution of the mixed sulphates, only until 
the cobalt begins to be precipitated, as evidenced by the 
colour of the precipitate, when the liquid containing cobalt 
in solution is decanted, and a solution of a soluble silicate of 
potash added to it, by which a silicate of cobalt is precipi- 
tated that may be used for painting purposes. These methods 
are practised in Prussia and in Sweden. 

Cobalt glass or smalt is, as previously noted, essentially a 
mixture of different silicates, which are, however, referable to 
two classes : the one containing an excess of potash is soluble 
in water, while the other contains an excess of basic silicate 
of cobalt, and is insoluble in water ; and this difference in 
solubility may possibly account for the different tints pro- 
duced in the series of levigations to which it is subjected. 

The various qualities of the smalt or azure, obtained by 
the series of levigations above described, are marked in com- 
merce, commencing with the highest quality, FFFFC, FFFC, 
FFC, FC, C and O, respectively; whilst other products from 
the process, and which are employed for the production of 
grey tints, also receive in the trade special marks indicating 
their quality. 

The value of the smalt depends upon its purity of colour, 
and it hence becomes necessary that great care be exercised 
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in ihe selection of the materials to be employed, since a pure 
tint is never obtained from ores containing large quantities 
of other metals, traces of which find their way into the smalt 
with a corresponding deterioration of the colour; and hence 
pure ores are in request for this manufacture. Sodic carbonate 
cannot be substituted for the potash salt without loss of purity 
and lustre of the colour; lime, magnesia, and alumiua, if 
introduced with the charge, have a similar effect; and small 
quantities of copper or nickel impair its quality, the former 
imparting a red or green tint to the smalt, while the latter 
gives a violet tint to the product, and the presence of zinc has 
likewise the effect of giving a greenish tint to the product. 

The advUerations or impwriiiea most likely to be foimd in 
commercial smalts are: oxides of nickel, iron, copper, zinc, 
arsenic, lead, antimony, bismuth, magnesium, calcium, alu- 
minium, and silicon, with sometimes also an addition of chalk 
(calcic carbonate). 

Smalt or aaure is used for painting and colouring glass, 
porcelain, pottery, and earthenware, though for this latter a 
mixture described below, and known as '' zaffre^* is largely 
employed. Smalt is also employed to neutralise the yellow 
^ tint of paper by the paper manufacturer, and for a similar pur- 
pose by the bleacher in finishing linen and fine cotton goods. 

171. Zaffre or Sapphir& — ^These terms are sometimes used 
as synonymous with smalt, but they are commercially applied 
to a distinct product. ZaJ&e is a mixture of roasted cobalt 
ores along with silica (flint powder) in sufficient quantity to 
yield, when fused with potassic carbonate to the amount of 
one-fourth of the weight of ore and sand together, a smalt of 
the desired tint. As in the production of smalt, the neces- 
sary amount of silica to be added to the roasted ore for the 
production of the desired tint, when fused with the constant 
amount of potassic carbonate, is determined by a previous 
experiment, or repetition of the pix>cess on a small scale. 

The substance known in the potteries as " Printer*8 blue,* 
and used for painting or printing the ordinary blue colour 
upon potteiy-ware, china, etc., is formed by fritting, that is, 
heatiQg to a point below perfect fusion, a mixture of Eolica and 
oxide of cobalt in proper proportions^ along with a little nitro 
and a little baric sulphate (BaSO^. 
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172. Thenard's Blue. — ^This pigment is a compound of oxide 
qfcobaU and altMnina, prepared by adding to a solution of a 
oobaltous salt, a solution of hydric-dipotassic phosphate, and 
precipitating thereby a cobaltic phoq>hate, when to 2 parts of 
this precipitate are added 16 parts of the gelatinous fdumina 
precipitated by the addition of sodic carbonate to a solution 
of alum. The ingredients are well mixed, dried, and ignited 
at a dull red heat^ in covered crucibles, any access of the 
products of combustion to the contents of the crucibles being 
avoided as carefully as possible, since the reducing action 
exercised by these gases materially impairs the colour of the 
product To further prevent the action of the gases upon 
the product, an addition of mercuric oxide is frequently made 
to the charge, whereby an atmosphere of oxygen is maintained 
in the crucible, while the mercury is entirely volatilised; or 
1 part of arsenate of cobalt is added in lieu of the latter, in 
the preparation of this pigment. The product, or Thenard's 
blue, is used largely for printing on pottery-ware. 

173. Binman's Oreen. — This is another cobalt pigment 
known also as cobalt green, and is a mixture of cobaltic and 
zincic oxides. It is prepared by precipitating a mixed solu- 
tion of zincic and oobaltous sulphate with sodic carbonate, 
and igniting in a porcelain crucible, the well-washed preci- 
pitate so obtained; or a solution of oobaltous nitrate, mixed 
with zincic oxide (ZnO) or zincic nitrate, yields, on evapora- 
tion and subsequent ignition, the same product. 



CHAPTER IX. 
ALUMINIUM. 

; 174. Physical and Chemical Qualities. — ^Aluminium is a 
white metal tinged with blue, and whose surface is capable of 
receiving a .high polish. It is very malleable and ductile, 
permitting of being hammered into thin sheets and drawn 
into fine wire, though in these operations, and especially the 
latter, it becomes brittle, and requires frequent annealingc 
It la about equal to silver in tenacity and elasticity, and is 
highly sonorous. It is a very light metal, its specific gravity 
ranging from 2 5 to 2*7 only, according to its previous 
mechanical treatment, and this quality has led to its application 
for the manufacture of very small weights, etc. Its melting 
point is above that of zinc, but below that of silver, and it may 
be readily cast after fusion in metallic or sand moulds; while 
if cooled slowly after fusion, it exhibits a crystalline structure 
upon fracture. Pure aluminium is not acted upon by exposure 
to the atmosphei*e at ordinary temperatures, and this quality, 
together with its white colour and the facility with which it 
may be polished, have led to its introduction for the purposes 
of jewellery, the mountings of philosophical instruments, etc. 
It slowly decomposes steam at a red heat; it is unacted upon 
by sulphuretted hydrogen or ammonium sulphide, thus pre* 
servins its lustre unimpaired in atmospheres contaminated 
with &ese gases, and ft only coxnbines^with sulphur when 
heated along with it to a very high temperature. Aluminium 
does not exhibit any tendency to volatilise when heated in 
closed vessels. It is a very good conductor of both heat and 
electricity, in which respect it ranks about equal to silver. 

Aluminium is not acted upon by dilute or concentrated cold 
nitric acid, and only slowly by the boiling acid; neither is it 
affected by dilute sulphuric acid, while the vegetable aoids^ as 
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acetic and tartaric acid, are also without sensible action upon 
it; but hydrochloric acid forms its best solvent, readily dis- 
solving the metal accompanied by the evolution of hydrogen. 
Fotassic or sodic hydrates in a state of fusion do not attack 
the metal, although their solutions dissolve it readily with 
the evolution of hydrogen and formation of potassic or sodic 
aluminates respectively. It may be fused with nitre at a 
moderate heat without undergoing oxidation; but at a tem- 
perature sufficient to decompose tiie nitric acid and evolve 
nitrogen, then the metal is attacked, and a potassic aluminate 
is again formed. The chemical symbol of aluminium is Al, 
and its atomic weight is 27*5. 

175. Oxide of ^nmininm. — ^Alumina, or thesesquiozide 
of aluminium (AlgOg), constitutes the only known oxide of 
aluminium; and this occurs almost pure in the gems sapphire, 
ruhy, oriental topaz, and the oriental amethyst, tiie two former 
owing their colour to the presence of a little chromic oxide; 
while as a more impure native product, it constitutes the 
brownish red variety of corundum known as emery, and thus 
in its native forms it occurs as one of the hardest substances 
known. 

Alumina can be prepared artificially by heating the finely- 
divided metal in air or oxygen, when this oxide results, 
although in the massive form, the metal, as already noted, is 
not oxidized even at a much higher temperature. Other and 
more convenient methods, though not affording an absolutely 
pure product, consist in igniting ammonia alum (the double sul- 
phate of aluminium and ammonium), when this oxide remains; 
or boiling a solution of common alum with ammonic carbonate, 
washing with water the precipitate so obtained, and after- 
wards igniting it to expel the combined water; or alumina 
may be prepared from clajrs, felspathic rocks, cryolite, etc., by 
digesting these with potash or soda, so as to produce an alka- 
line aluminate, which is then decomposed by cai*bonic acid. 

Artificially prepared alumina is a white body, which is 
infusible except in the oxyhydrogen flame. When the heat 
employed in its preparation ha^ not exceeded redness, it forms 
a very light and soft powder, but after strongly igniting, it 
becomes intensely hard and gritty. The anhydrous oxide 
is insoluble in water, and after strong ignition is likewise 
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insoluble in most* mineral acids, except concentrated hydro- 
chloric or sulphuric acid, which effect its solution. 

Alumina forms three hydrates, of which the trihydrate 
falls as a white gelatinous precipitate when ammonia or an 
alkaline carbonate is added to a solution of alum, etc., in 
which form the hydrate is readily soluble in acids. From 
the strong affinity of this compound for organic colouring 
matters, it is extensively employed as a inordant in calico 
printing and dyeing, as also in the preparation of the pig- 
ments known as lakes, 

176. Alnminic Silicates. — ^The silicates of alumina con- 
stitute a very large and important class of natural and arti- 
ficial products. Thus silicate of aluminium forms the basis of 
all claysy while the individual and special character of the clay 
depends chiefly upon the nature and amount of the foreign 
matters present, and of the other silicates often associated 
with the silicate of aluminium in its composition; thus kaolin, 
porcelain or china-clay, from which the finer kinds of porce- 
lain are manufactured, is almost a pure hydrated aluminic 
silicate, whose composition is approximately represented by 
the formula Al2032Si02 + 2HqO; Potter* 8 clay, used in the 
production of the coarser kinds of earthenware, contains in 
addition about 7 per cent, of iron, and 2 per cent, of lime. 
The blue clays are frequently coloured by organic matters, 
which on ignition are burnt out, and the burnt clay becomes 
white, or of a reddish tint if also containing iron. The 
various fire-clays are also hydrated silicates of alumina,* 
owing their plastic property to their combined water. 

Silicates of aluminium, in combination with potassic and 
fiodic silicates, constitute the varieties of feUpathic rocks, 
which, by their disintegration and decomposition under 
atmospheric influences, etc., yield the various clays. 

Besides constituting the bulk of certain rock masses and 
clays, these silicates also occur under slightly difierent forms 
in a large series of minerals, each receiving specific names, 
but whose consideration constitutes the province of mineralogy. 

177. Occufrence of Alomininm. — ^This metal occurs in a 
great variety of forms, and its combinations altogether con- 
stitute it one of the most widely distributed elements upon 

* VoL L, page 15. 
19— n. Z 
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the eai*th's crust; in the form of oxide (alumina) it occurs 
anhydrous and hjdrated, often associated with ferric oxide 
constituting batixUe, with magnesic oxide as spineUe, and also 
with zincic and other oxides; while as silicate it constitutes, 
as above noted, the base of all clays and soils; and in com- 
bination with fluorine, as a double fluoride of aluminium and 
sodium, it occurs as ^^ cryolite^ (3NaF, AlgFg), the mineral from 
which the metal is largely obtained commercially. 

178. Preparation of Alomininm. — ^This metal was formerly 
obtained by the decomposition of aluminic chloride hj means 
of potassium, and it is still the practice to effect the decom- 
position of the aluminium compound by potassium or sodium, 
but preferably by the latter, since it is considerably cheaper 
and less violent in its action, whilst its lower atomic weight 
enables it to decompose a larger quantity of the compound of 
aluminium than is effected by the same weight of potassium. 
The method of preparation still pursued is the same in prin- 
ciple as that employed by Wohler in 1828, when he succeeded 
in separating the metal as a grey powder intermixed with 
globules of metal, by igniting the chloride or fluoride of 
aluminium with sodium. 

Saint-Claire Deville and- others have since, however, suc- 
ceeded in preparing the metal in much larger quantities. 
The method first employed by Deville consisted in passing 
the vapour of aluminic chloride (AlgClg) over metallic sodium 
maintained at a red heat in a copper or iron tube suitably 
arranged. In this manner the metal was separated and re- 
mained in the tube, mixed with sodic chloride and undecom- 
posed aluminic chloride, these latter compounds being then 
dissolved out by washing with hot water; or the product was 
again fused in an atmosphere of hydrogen, and subsequently 
refused in a crucible, when the metal largely subsided as a 
button beneath the layer of the mixed chlorides. 

On the large scale the decomposition is effected upon the bed 
of a reverberatory furnace, in which case the metal is reduced 
either from a double chloride of aluminium and sodium pre- 
pared from the mineral "bauxite," or directly from the mineral 
** ci'ijolite** (a double fluoride of aluminum and sodium). Ill 
the former case the bauxite is first employed for the prepa- 
ration of ge)«iiTinn« qiumina, which product is then mixed 
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with sodio chloride and charcoal, formed into balls, and in- 
troduced into earthen retorts, where they are now heated to 
redness, while a current of chlorine is passed through the 
apparatus, when the volatile double chloride of aluminium and 
sodium distils over. In the manufactory of Messrs. Bell"^ of 
Newcastle, 10 parts of the double chloride so obtained is mixed 
with 5 parts of cryolite or fluor-spar, both in a state of flne 
powder,^d to tids mixture is then added 2 parts of sodium 
in small ingots or pieces, each piece being well dried and freed 
from naptha before using. The whole is now introduced on 
to the hearth of a reverberatory furnace previously heated to 
the required degree, when a violent reaction ensues, during 
which the dampers ai*e closed, and all parts of the furnace 
kept as close as possible to prevent access of air; the whole 
mass is thus almost completely fused, and when the action 
subsides and the decomposition is completed, the fumaoe is 
tapped, and the metal with its accompanying slag is received 
in proper moulds; where the aluminium collects largely in 
the bottom, above which occurs two strata of slag, the upper- 
most consisting largely of sodic chloride, beneath which is the 
second layer, less fusible than the uppermost, and consist- 
ing for the most part of fluoride of aluminium, in which is 
mechanically held a further proportion of the reduced metal, 
which is recovered by pulverization and sifting of the slag. 
This procesg has been patented in France and England by 
M. M. Kousseau Fr^res, and M. Paul Morin. 

A less pure quality of aluminium, contaminated with 
silicon or iron according as earthen or iron crucibles are em- 
ployed in its preparation, is obtained by the direct decom- 
position of the mineral cryolite (3NaF, Al^Fg) as originally 
practised by H. Hose in Berlin, and by Dr. Percy and Mr. A. 
Dick in England, is still pursued in France, which process 
possesses the advantage of avoiding the necessity of the preli- 
minaiy and troublesome process necessary for the preparation 
of the double chloride of aluminium and sodium required in 
the previous process. For this treatment the cryolite is finely 
powdered and mixed with half of its weight of sodic chloride, 
and the mixture is then introduced into earthen or iron 
crucibles in alternate layers with the sodium, 2 parts of 

* Makia. Metallurgy, 
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sodium being introduced to 5 parts of cryolite, a layer of 
cryolite forming the top layer, when the whole is covered 
with a layer of sodic chloride. The crucible and contents 
are now rapidly heated, under which treatment the mixture 
enters into fusion, when the charge is well stirred with an 
iron rod and then left to cool. Upon breaking the crucible 
the aluminium usually occurs in large globules, which are 
subsequently remelted for casting into ingots. 

179. Alloys of Alaminium. — Aluminium readily alloys 
with most of the metals, it thus imites with zinc and tin^ 
yielding brittle alloys, and with iron also it unites in all pro- 
portions, affording hard and brittle alloys of no practical 
application to the arts. With silver^ aluminium may also be 
alloyed, but the metal loses thereby in malleability, while 
when containing only 3 per cent, of silver, the resulting alloy 
has the colour of silver, and is not tarnished •by sulphuretted 
hydrogen; yet of the several alloys of aluminium, the most 
important are its combinations with copper, producing thereby 
the commercial alloy known as '^alimdnium bronze" 

Aluminiwm, bronze is an alloy of copper with from 3 to 10 
per cent, of aluminium, and is in many respects an important 
and remarkable body. The alloy containing from 3 to 5 per 
cent of aluminium has a yellow colour almost like gold, it 
is hard though malleable, and is capable of receiving a high 
polish. With 10 per cent, of aluminium, its colour is more 
like brass, and specimens of this composition have been tested 
by Dr. J. Anderson, C.E., and found to possess a tensile 
strength of 43 tons to the square inch, but this remarkable 
tenacity is not possessed by all specimens, and the very wide 
differences thus afforded by similar alloys have prevented its 
introduction as a constructive material, and the chief appli- 
cations of this alloy have accordingly been for the production 
of ornamental articles. Aluminium bronze may be prepared 
by heating a mixture of alumina and oxide of copper'^ with 
charcoal; or a mixture of alumina and charcoal with granu- 
lated copper may be substituted, maintaining the charcoal in 
all cases slightly in excess of that required for atomic pro« 
portions. 

* Watt»' Dictionary of Chemistry 
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Furnace eye," 118. 
Fusible metal, 88. 
Fusibility of aluminium. 851. 
cobalt, 838. 
copper, 10. 
gold, 286. 
lead, 72. 
nickel, 325. 
„ sine, 160. 

Fusion for black oopper, 52. 

„ coaiae-meta] (copper), 23, 30 
„ fine-metal, 35. 
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Oalbna, 79, 89, 95, 100. 

and oopper, 8L 

argentiferous, 90, 01. 

associates of, 90, 95, 100, 107, 
128. 

in Flintshire, 90. 

localities of, 90. 

occurrence of, 90. 

reduction by iron, 81, 107, 109, 
116. 

steely Tarieties o^ 90. 

smelting by methods of air-re- 
duction, 94. 
Gallery ftimace, 215. 
Galvanised iron, 181. 
Gas furnace, 27. 
Gases from ore calciner, 29. 
(hedge's metal, 183. 
Geocronite, 91. 
German cupellation furnace, 278. 

hearth for refining copper, 59. 

method of cupellation, 274, 278. 

method of oupeUation, loss cf 
lead in, 282. 
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OflrnuA meUiod for prepamtion of whit«- 

Iead»85. 
German sUrer, 17, 164, 835. 
German coinage, 17. 
Gerstenhoffei^s caldner, 29. 
Glan-gall, 846. 

GlaM, plambio silicates io, 86. 
Gold, m. 

„ action of adds npon, 286. 

„ alloys with antimony, 294. 
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copper, 16, 298, 294. 
lead, 89, " 



tt 
tt 
tt 



tt 



tt 

tt 



, ,294. 
osmium and iridium, 

295. 
palladium, 295. 
platinum, 295. 
silver, 282, 284, 293. 
tin, 294. 
„ „ zino, 294, 295. 

„ aUuvial, 297, 298. 
„ amalgam, 294. 
„ amalgamation of, 800, 804. 
„ Australian, 287. 
,. beater's skin, 289. 
„ beating of, 289. 
„ bu1Uon,298. 
„ CnUfomian, 287, 294, 295. 
„ coinage, 16, 293. 
„ diggers, 298. 
„ distribution of, 296. 
„ dust, 296, 297. 
„ „ melting of. 304, 812. 
„ extraction of, 803 

by chlorine, 304, Sllf 

812. 
by iron, 804, 810. 
by sodium amalgam, 
807. 
„ fine, 288. 
„ leaf, 298. 

„ melting point of, 286. 
„ methods of extraction, 803. 
„ mining, 297, 300. 
„ natiTe, 234, 294, 295. 
„ oocarrence of, 295. 
„ oxides ot 290. 
„ phosphoriu and, 292. 
„ properties of, 285. 
„ prospecting for, 298. 
„ partbe, 298, 309, 310, 814, 315, 820. 
„ precipitation by ferrous sulphate, 

«te., 286, 311, 812. 
„ quarts, 297, 300. 
„ „ mining of, 298, 801, 804. 
„ refining of, 314. 
„ „ by chlorine, 320. 

„ f, by nitric acid, 315. 

„ „ sulphuric acid, 317. 

„ lepuation of, in "selecting pro- 
cess," 46. 
„ sulphur and, 290. 
„ sweep, 828. 
„ „ refining of, 823. 
,, waibiof , 898. 
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Gold washing in the cradle, 299. 
in the pan, 299. 
in the rocker, 299. 
„ „ in the sluice, 800. 
„ welding of, 284. 
Good roasting in.Von Patera's process, 267. 
Gossage, wet method of extracting copper, 

64. 
Granulation of coarse-metal, 80. 
Grey oopper ore, 21. 

„ slags, 98, 100, 102, 104. 

„ „ analysis of, 100. 
Guineas, English, 294. 
Gun metal, 16. 

Hahner's mercury ftimace, 209. 

„ method of extracting copper, 
64. 
"Hall marks," 132. 
Hai-d lead, 122, 127, 155. 

softening of, 155. 

„ dross from, 157. 

„ liquation of, 181. 
Hard metal, 46. 

Hardness of lead. 122, 139, 155, 157. 
Hartz, lead smelting in, 93, 119. 
„ liquation hearth, 272. 
„ liquation process as pursued in, 

272. 
„ Rachette fiimace in the, 120. 
Hearths, slag, 133, 136, 139. 
Heat, influence of, upon malleability of 

zinc, 160. 
Heat, influence of, upon tenacity of sUrer, 

221. 
Heat, oonduotivity of oopper for, 10. 

gold for, 285. 
lead for, 72. 
silver for, 222. 
„ dilatation of copper by, 10. 
„ „ gold, 286. 

lead by, 71. 
mercury by, 189. 
silver by, 221. 
zinc by, 161. 
Henderson's method of extracting copper, 

64. 
Horn-quicksilver, 202. 
Horn sUver, 227, 237. 
Hot amalgamation, 255. 
Hungarian furnace. 247. 

Idbia, mercury reduction at, 206. 
Idrian furnace, 207. 
Improving of lead, 155. 

„ hard lead, 155. 

Impurities in commercial lead, 73, 155. 

commercial zinc, 161. 

mercui7, 191, 218. 

mercuric oxide, 194. 

red-lead, 79. 

white-lead, 85. 
Indigo ooppor, 14 
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InqwftelloD, 814. 
loakriyiite, S87. 
Iodide of ■UT«r,Si9. 
Iron and oopptr, IL 
„ BOieaiy, IM. 
„ Bine, 101. 
Iron, appUonUon oi; in lead tmcttiBf , W, 

107, 116. 
Iron, pota in Fatttmoii't p c oeMi , 148. 
predpitation of ooppor by, 11. 
rednotioii of plnmlnotUieKto by, 85. 
„ „ milphidobj.sa 

„ rednoUon p w cw i «f lend nneltiiif , 
11& 

Ja mm ow i t « , 91. 
Japan oopper, 12, 68. 

„ oopper smelUDg in, 66. 
Joaohinttthal, ailTor ona of. 866. 

KAOLn, 858. 

K«mol roaatinf , 67, 70. 

„ oompoaitionof fha " ker- 

nda," 68, 60. 

„ kilna omployed in, 68. 

" KiUaa " of Corn waU. 00. 
Kilns for komal roaating, 68. 
" Kiog-pot." 185. 
" Krammofen," 186. 
Knpfeniiokel. 828. 830, 882. 
Knpfoigaarherd. or German xafltiing 

hearth. 50. 
Knpfinaohiefer, 56. 

Ladlb, Pattinton*a, 147. 

Lakes, 858. 

Lana ubilooophioa, 162. 

Lanarkite, 02. 

Lanoaahire oopper works, 80. 

Landsberg prooeai for the extraction of 

mercaiy, 216. 
Lead, 71. 

„ action of water upon, 72. 
„ action of air and moistare upon, 72. 
„ action of adds npon. 72, 78. 
„ allocs with antimony. 86. 
arsenic, 86. 
bismnth. 88. 
oopper, 86. 
gold. 80, 234. 
meroury, 87. 
silTer, 88. 232. 
tin. 87. 200. 
,. „ sine, 88, 162, 161 

,. arsenic and, 80. 
„ arseniate, 02. 
„ atomic weight, 78. 
„ oarbonate, 72. 
„ castinc of. for rolling, 15S. 
„ diloride, 02. 
„ ohroroate, 02. 
„ oommeroial, 78. 
,. oopper and, 11, 86. 
„ dcsUTeriaaUon of, 144. 
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Lead, dadlTeriai«io& of, POtiiMeft'splaii, 

88.01.144. 
„ FaikesT plan. 88, 

152. 
„ eixtoaetion of sHreir fironi, by enpei- 
lation. 278. 
eoctraetion of, from grey dags. 182, 

186. 140. 
eztraotion of, tcotn the ore. 02. 
• for preparation of red-lead . 77. 
„ ., white-lead. 73. 

t, Aune, 140. 
„ ,. analyses of. 141. 
N „ condensation of. 138. 140. 
„ hard, softening of. 155, 156. 
„ in commercial copper, 11. 
„ in oommeroial anc, 16L 
ores of. 80. 

„ Frdbeig, 123. 
oxides of, 78. 

, , redaction of. by diarcoal, 
78. 
phydcal qualities, 71. 
idiosphoms and, 88. 
pipe, 78, 158. 
renniug of, 155. 
rcgolns, 116. 
sheet, 73, 157. 
silica and, 85. 
ailicatea of, 85. 

„ redaction hj iron, 85. 
smoke, 140. 
sulphur and, 70. 

„ oj^gen with, 81. 
sulphate, 81. 
sulphide, 70. 
„ separation from sine, 181. 
Lead trough, 187. 
Lead diot, 88. 
Lead slags, 08, 100, 101. 107, 118, 115, 116. 

., smdting or, 186. 
Lead amdting, by air-reduction process^ 
08, 94. 
at BIdberg, 181. 
at Pontgibaud, ISO. 
by banc forrons silicates, 116, 

120, 122. 
by deozidation in blast and 
reverberatoi^ ftimace8,lC3. 
by iron reduction prooeas, 93, 

116, 117, 110. 
Cornish process, 107. 
grey slag produced iu, 08. 
in BIdberg ftiinace, 04. 
in Brittanny ftomaee, 101. 
in Derbyshire, 100. 

„ flnxea used, 100. 
in Flintdiire Ihmace, 05. 
in Flowing furnace, 94, 107, 

116. 
in ore hearth, 100, 
in the Harts, 110. 
methods of, 98. 
reaotionain, 80, 91,98. 
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Lead nneltiiig io Scotoh iUrntM, 109. 
in Silesia, 117. 
in Spanish boliohe, 04, 103. 
in English slag hearth, 136. 
in Spanish slag hearth, 140. 
in Sweden, 129. 
in the ore hearth, 109. 
in American ore hearth, 113. 
Le Play's analysis of blister copper, 40. 

blne-nietal, 87. 
coarse-metid, 33. 
metal slag, 87. 
ore-fumaoeslag, 34. 
refinery slag, 44. 
roaster slag, 40. 
„ white-metal, 87. 

Lime glass, 86. 

Lime and mercuric sulphide, 216. 
Linnaeite, 342. 
••LinneU,*'132. 
Liquation of oupriferous lead, 273. 

„ haid lead, 181. 
Liquation hearth, 272. 
Liquation process for the extraction of 

silver, 272. 
Litharge, 74, 161. 

action of heat upon, 74. 
black, 282. 

fluxing qualities of, 75. 
reduction of, 76, 133. 
„ slag, 134. 
Litharge from German onpellation, 280, 
281, 282, 284. 
„ Fattinson process, 133, 

145, 161. 
Llanelly, Farkes' process at, 152. 
T<oiigmaid's process for extracting cop- 
per, 64. 
Longmaid's process for extracting gold, 

304, 310. 
Loss in copper smelting, 70. 
„ of lead in Fattinsou's process, 161. 
English method of cupel- 

lation, 278. 
German oupellation fur- 
nace, 282. 
Loss of mercury in amalgamation cf 

silver ores, 246, 263. 
Loss of silver in amalgamation of silver 
ores, 246, 254, 265. 
,; in Augustin's piocess, 261, 

266. 
„ in Ziervogel's process, 265. 

Lonyet's method of extracting nickel, 332. 
"Lunar caustic." 227. 

Haoistiul, 242. 

„ substitute for, 246. 
Malachite, 20. 
Malleability of copper, 9. 

cobalt, 338. 

gold, 285. 

lead, 71. 

silver, 2^1. 
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MaUeability of zifM, 160. 
Manganese and copper, 17, 837. 
Manheim gold, 16, 183. 
Mansfeld copper schist, 66. 

roasting of, 57. 
iUrnace used in 
smelting, 57, 58. 
ManuiiustuTe of red-lead, 77. 
Market-pot, 149. 

Marl for bed of cupellation of ftimace, 274^ 
Massicot^ 74, 76,78. 

„ manuocture of, 74. 
Melting of calcined coarse-metal, 35. 
„ for fine-metal (copper), 24. 
„ of gold dust, 312. 
Melting point of aluminium, 861. 
copper, 10. 
cobalt^ 338. 
gold, 286. 
lead, 7L 
mercury, 189, 
nickel, 825. 
silver, 221. 
line, 160. 
Mendipite, 92. 
Mercuric chloride, 198. 
oxide, 194. 

„ adulterations of, 194. 
sulphide, 196. 
„ „ and lime, 215. 

Mercurial soot, 208, 214. 
Mercurous chloride, 197, 202. 

„ oxide, 193. 

Mercui7, 189. 

„ action of acids upon, 190. 
„ Alberti ftiinace, 212. 
„ Almaden furnace, 204. 
„ Aludel fiii-naoe, 203, 204. 
amalgam with sUver, 233. 
atomic weight, 191. 
chlorine and, 197. 
deadening of, 190. 
detection of impurities in. 190. 

191. 
extraction of, at Almaden. 202. 
204. 
„ extraction of, at Idria, 202, 206. 
„ „ by fahl-ore pro- 

cess, 214. 
extraction of, in gallery fur- 
nace, 215. 
extniction uf, in Hahner's Air- 

nace, 210. 
extraction of, at Huancavelica, 

203. 
extraction of, at Land8berg,216. 
gold and, 294. 
impurities in commercial, 191, 

218. 
lead and, 87. 

methods of extraction, 202. 
native, 201. 
ores of, 200. 
oxygen i^nd, 193. 
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Xeicoiy, OKidM of, 19S. 

propertlw of, 180- 

poriAcation of, 218. 

]!«doetif«n of, with iroD, 197, 
215, 216. 213 

■ulphidM of, 194, 201. 

jum of, 191. 
,, line and, 164. 
Metal alag (copper), 24, SO. 
Methods of smelting lead ores, 93. 
Mexican amalgamation for eztFaction of 

bUtot, 239, 240. 
Mexican silver ores, 233, 240. 
MiaigTTite, 238. 

Miller's process of reiloing gold, 830. 
MiUerite, 831. 
Mimetesite, 92. 

Mining of gold qoarti, 298, 301. 
Miniam, 70. 

Mirrors, BilveriDg of, 192. 
Mispickvl, 238. 

Mixture of ores for copper smelting, 22. 
Modnmite, 841. 
Montefiori fumaoe, ISO. 
Mordant, 858. 
Mosaic gold, 16. 
Mantz's metal, 16, 188, 187. 

manafiictare of, 187. 

„ at Swan- 

sea, 188. 






Naotaoite, 297. 

Napier's re<iaction of copper, 48. 

Native amalgam, 201. 

„ copper, IS, 19. 

„ „ sUver in, 13. 

„ gold, 287, 294, 295. 

„ mercury, 201. 

„ rilver, 234. 

„ sine, 165. 
Naumanuite, 238. 
New Almadeo, extraction of mercury at, 

209. 
Nickel, 825. 

„ alloys, 885. 

„ alloys with silver, 233. 

„ arsenic and, 828. 

„ concentration in speise, 328, 329, 
331 844. 

„ extraction of, 331, 334. 

„ glance, 830. 

Loiiyet's method of extracting, 
332. 

„ orea of, 328, 329. 

„ oxides of J 326. 

„ preparation, 325. 

„ properties, 325. 

„ separation of, In copper smelt- 
ing, 47. 

„ silver, 335. 

„ speise, 829, 330, 331, 334, 844. 

„ „ action of heat upon, 829. 

„ snlphidet^ 827. 

„ tenacity of, 82S. 
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Nickd, met d; 825. 

„ line and, 16i. 
Nidcelie oxide, 887. 

„ sulphide, 828. 
Nkkeloas oxide, 326. 

„ sulphide, 827. 
Nickeliferoas pyrites, 330. 
Nitric acid, action apon copper, 10. 

lead, 72. 
mercury, 190. 
■aver, 823. 
lino, 16L 
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„ process of parting gold, 815. 
Nose, in Uait ftimace, 118, 125, 126. 
"Nuggets" of gold, 296, 897. 

OocLUSiOK of gases hy eUver, 222. 
Oocurrenoe <tf aluminium, 853. 
„ copper ores, 19. 

„ gold, 295. 

Ochre, 67. 
Odour of copper, 9. 
Orange lead, 84. 
Ores treated in copper smelting by the 

Welsh process, 82. 
Ore ftumace, 80. 

horizontal section of, 81. 
method of charging, SO. 
Swedish, 51. 
„ vertical section of. 30. 
Ore-ftmmce slag, 24. 

„ composition of, 34. 

Ore-hearth, American, 118. 
browse, 112, 118. 
North of England, 100. 
smelting in, 112. 
„ slag from, 113. 
Ores of alnminiam, 353. 
cobalt, 840. 
copper, 19. 
let^, 89. 
mercury, 200. 
nickel, 828, 320. 
silver, 288. 
zinc, 165. 
Orichalcum, 
Oriental amethyst, 852. 

,, topaz, 852. 
Osmium and iridium wiUi gold; 295. 
Overpoled copper, 10, 15, 16, 42. 
Oxidability of nickel, cobalt, and ixoa, 

844. t 

Oxidized silver, 223. 
Oxygen and aluminium, 852. 
cobalt, 839. 
copper, 13. 
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gold, 890. 
lead, 73. 
mercury, 198. 
nickel, 326. 
silver, 224. 
zinc, 162. 



Oren, colouring.^9. 
w droBsing; 78. 
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FACKroNA, 835. 
Palladium aud silTer, 283. 
,, gold, 295. 

Fan, gold washing in, 299. 
Farkes* process for the deailverization of 

lead, 88, 152. 
Farkea' process at Llanelly. 152. 

apparatus employed in, 

152. 
dezincification of lead, 

154, 155. 
loss of lead in, 154. 
Parting of gold, 314, 315,317. 320, 322, 323. 
by nitric acid, 315. 
by salphnric acid, 317. 
„ by chlorine, 320. 

Patio process for the extraction of silver, 
240. 
distillation cf amalgam, 244. 
filtratiou of the amalgam, 

244. 
loss of silrer in, 246, 251. 
„ reactions in, 245. 

Pattinson process, 91, 144. 

by method of thirds, 150. 
„ eighths^ 1 50. 
„ loss of lead in, 151. 

Pattinson's apparatus, 145, 146. 

„ arrangement of, 147. 

Pattinson's orystallifilng ladle, 147. 
Pava, 136. 
••Pay dirt," 298. 

Peat, Qse of, iu lead smelting. 111. 
Pewter, 86, 87. 

Percy, Dr., on action of silica and cupric 
oxide, 14. 
on classitication of lead smelt- 
ing processes, 93. 
on occurrence of copper in 

blne-iuetal, 38. 
on occlusion of gases by sil- 

yer, 222. 
on plumbic silicates, 85. 
on preparation of aluminium, 

355. 
ou use of sodio hyposulphite 
in extracting silver, 266. 
Philli|is' and Rivot's method of copper 

smiting, 49. 
Philosophers' wool, 162. 
Phosphate of cobalt, 340. 
Phosphur bronze, 17. 

„' pi-eparation of, 18. 

Phoephorised copper, 16. 
Phosphorous and copper, 16. 
gold, 292. 
lead, 82. 
zinc, 163. 
Pimple copper or pimple-metal, 24, 36. 
Pinchbeck, 16, 183. 
Piping, lead, 73. 
Platinum and gold, 295. 
Plattner, analysis of slag fh>m American 
ore hearth, 115. 
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Plattnerite, 77. 

Plattner's process of eztraoiing gold, 304, 

311. 
Plumber's solder, 86, 87. 
Plumbous oxide, 73. 
Plumbic acid, 77. 

arseniate. 92. 
carbonate, 83, 91. 

,, smelting of, 132. 
chloride, 76, 02. 
hydrate, 76. 
oxide, 74. 

„ and sulphur, 75. 
peroxide, 77. 

„ action of heat 
upon, 77. 
phosphate, 82, 92. 
silicates, 85. 
sulphate, 81, 91. 

„ reduction by hy- 
drogen, etc., 82. 
„ sulphide, 79, 89. 

„ „ action of acids 

upon, 81. 
Plumbic sulphide, action of heat and air 

upon, 80. 
, , and plumbic sulphate, 

80. 
„ decomposition of, by 

iron, 81. 
Poling of copper, 25, 41, 42. 

„ lead, 102. 
Polyargjrite, 238. 
Polybasite, 237. 
PolyteUite, 236. 
Poutgibaud, lead smelting at, 130, 140. 

„ lead fume at, 141. 
Porcelain day, 853. 
Potash glass, 86. 
Potter's cla}', 353. 
Precipitation of copper by iron, 11. 
„ gold, 286, 31 i, 312. 

„ „ by ferrous sulphate, 

286, 311. 312. 
Prepared oxide of cobalt, 340. 
Priuoe's metal, 16, 183. 
Printer's blue. 349. 
*' Prospecting ' in gold mining, 298. 
Proustite, 236. 
Prussian coinage^ 17. 
Puce oxide of lead, 77. 
Purification of commercial mercury, 

218. 
Purple copper, 20. 
*' Purple of Cassius," 291. 
Pyrargyrite, 236. 
Pyrites, copper, 20. 
Pyromorphite, 83, 92. 

QUARTATION, 314. 

Queen's metal, 86. 
Quicksilver, 189. 

„ native, 20L 
Quintal, 242. 



368 



INDEX. 



» 






«» 



RAmcsLBBnus, l«id mielttjit tA, 190, 131. 
BuuiMltbwgito. 828, 880. 
lUdMtle ftmuuML 120, 121 
"Bttwnn«lUng/l20. 
BeaoUoiM in anuJgamilioa of dlTer orm, 
220, 240, 246, 250, 251. 
„ distilUtion of Hnnahar with 
lime, 216. 
Freiberg blast Auimm, 128, 

127. 
leftdemeltiiig, 80, M. 

„ at PontgibMid, 

etc., 181. 
ore fymaoe, M, 118. 
Ffttio prooeei, 240. 
iwepanttkn of malte, 844. 
Red-lead, 76. 

action of heat upon, 78. 

,1 hjdroonlorie acid 

upon, 78. 
„ ealpiinrio aoid upon, 
76. 
adulterations in, 79. 
mannfaotnre of, 76, 77. 
orens, 78, 79. 
Red oxide of copper, 19. 
Red silver ore, 286. 
Red line ore, 166. 
Redmth{l^ 14. 20. 
Rednotion of litharge, 133. 

„ at Tamowitz. 134. 

„ at Freiberg, 135. 

Reduction of plumbic silicate bj Iron, 85. 
„ of copper hj ** wet prooesMS," 

62. 
„ of zinc from calamine, 168. 
„ „ in Carinthia, 179. 

Refinery slag, 24, 48. 
Refining or cupellation of lead, 273. 
„ hearth, 54. 

„ „ for black copper, 69. 

Refining of copper, 24, 40. 

gold by chlorine, 804, 811. 
„ by dry methods, 814, 820. 
„ by wet methods, 814, 815. 
gold sweep, 828. 
lead. 155. 

of blaek copper, 64, 61. 
of silver or cupellation, 274. 
„ 277, 282. 
Regulds, firom Freibexg blast fUrnace,127. 
Regale, 45. 

„ spongy, 46. 
Retorts at LandsbeiJBr for the extraction 

of mercury, 216. 
Retorts in sine works, 172, 176. 

„ for distillation of amalgam, 258. 
RoTerberatory fturnaoes used in lead 

smelting, 98, 94, 116, 128, 182. 
Rererberatory fhmaces for reduction of 

lithaxge, 188. 
Repaaso, 248. 
Rich lead, 146. 
{tloh spelae, 88^ 
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Rinman*s green, 350l 

RiTot and Fhillipi^ method of coi»per 

smelting, 48. 
Roaster slag. 24, 89, 40. 
Roasting for blister copper, 88. 

„ of copper ore at Bfansfeld, 67 

„ „ in Sweden, 60. 

„ ore-fnmaoe regulns in Sweden, 
62. 
Roeker employed in gold washing, 299. 
"Rohatein,''58. 

„ roasting of, 66. 
Rolled sheet lead, 157. 
Rolling of zinc, 160. 
Roeette copper, 12, 55, 60. 
RoQgh lead, 140. 

„ zinc, 172, 175. 
Ruby, 352. 
"Run slag" produced in lead smelting, 

101, 107. 
Rnaaia, copper smelting in, 60. 
Roasian copper, 13. 

Sapflor, 344. 

Sapphire. 349, 852. 

Sucon (European) method of amalgamai* 

ing nlver ores, 246. 
Scotch ore hearth, 109. 
Selbite. 238. 

Selenides of mercury, 202. 
Separation of gold tmm silver and cop- 
per, 313. 
„ of lead flcom zino, 154, 181. 
Separation of gold and silver by lithargt 

and iuXphur, 322. 
Separation of gold and silrer by anti* 

monic sulphide, 822. 
Sharp's slag, 37. 

Sheffield's modification of ore calciner, 27. 
Sheet copper, 11. 
Sheet lead, 157. 

„ rolling of, 158. 
Sheet zinc, 181, 162. 
Shot, alloy for making, 88, 86. 
Siemens' fhmace aiq;>lied to copper smelt* 
ing, 28. 
„ ftirnace appUed to Sileeian zinc 
furnace, 176. 
Silesia, lead smelting in, 117. 
Silesian blast furnace, 117. 

„ ftirnace, desci-iption of, 177. 
* „ process of extracting zinc, 171, 
175, 176. 
Silica and lead, 85. 
Silicates of lead, 85. 

„ reduction of, hj iron, 85. 

Silicates of zinc, 162, 175. 
Silicon and copper, 16. 
Silver, 221. 

„ absorption of oxygen by, 222. 
„ action of acids upon, 223. 
alkaUes, 228. 
alkaline dilorides upon, 
228. 
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„ ulphata, 229, ise. 

„ nUpbido, 324. 
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BIlTOT-wllt* ooMt, 811. 

" "is— IL 



mmol, ST. 

-Airnict, 21, 31. 
-hwrth, 113. 

Uer!, 11, 13, 11 

ip, sr. 

Bia^ from on twuth, 113. 

„ ■iBgbearlli, 13D. 
sofUntng turnaco, 
Sltf hurth, EhkIu'i, 130. 

fiplDllfa, 133, 13( 
Bi»t load, 13». IM. 

aWpot, 

SlBn>,"W 
Bmoka, capp«T, 1». 
Smalt furnaca, 315. 
Bmalu, 312, 313. 

„ pintaiatlon of, 312. 
Smaltine, 341. 

SmoltiDg of aaiUBnmi qaarti, 3DS. 
„ prr>l«, dm. 

BrntMag of (hs Uaiufold copper Kb iat, 

Bodagiaa, u! 

Bodlo h;p»alpblta, hk of. In Ton Patci 

procue, 200. 
Soaiani amaljnm, 200, 30T. 
BottaDingorbatdlead, 1», 156. 
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BpeiM, ooOMDtmtioli of niokol and cobalt 
in, 320. 
,, effect of heat upon, 829 
„ amalgamation of aiientiferoQS, 
254. 
Spelter, 160. 

8pence*8 improTed oalciner, 29. 
BplneUe. 854. 
BpittiDg or Tegetation of ailrer, 222, 278, 

284. 
*'8pareteiii;'68. 
BqnirUng of lead, 71, 168. 
Btagg'a condenser, 142. 
Stanipa emplojed for emahing gold 

quarts. 802. 
fltandaxd applied to copper oree, 21, 
» gold, 280, 287, 288, 293. 
„ silTer, 281. 
Stannic oxide with plambic oadde, 75. 
Btepbenite, 235. 
Sterling silver, 281. 
Bterro-metal, 188. 
Stream beds, gold bearing atrata, 205. 

„ works of Ural, etc, 208. 
Btoomejerite, 235. 
StokoeTs condenser, 143. 
Btolberg, sine condensers at, 170. 
Strength of alumininm bronze, 856. 
Stripping liquor, 226. 
Sulphur and cobalt, 840. 
copper, 14. 
gold, 200. 
lead, 70. 
meitsury, 194. 
silrer, 223. 
„ zinc, 163. 

Sulphuric acid, parting of gold and silyer 
by, 317. 
, , process for separating gold 

and silver firom copper, 269, 314. 
Swansea, Ziervogel's apparatus at, 261. 
Sweep, refining of, 823. 
"Sweeps,'* 172, 176. 

Swedish blast furnace for copper smelt- 
ing, 51. 
copper ores, 60. 

method of copper smelting, 49. 
method of copper smelting, loss 
of copxMr in, 70. 
, , method of smiting galena, 129. 
Sympathetic inks, 339. 
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Taiinowitz, Pattinson process at, 150. 
„ reduction of litharge at, 133. 

„ cupellatiou at, 282. 

Tahona, 241. 
Telluric silTcr, 288. 

„ gold, 295, 297. 
Tenacity of aluminium bronze, 356. 
cobalt, 888. 
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copper, 0. 
lead, 71. 
niokel, 825. 
phosphor bronze, 18. 



" Test " of eapeUaiioa fiiniaoe, 274. 

„ refining fiunace, 283. 
Test fkame, 876. 
Tetrahedrite, 236. 
Th6nard's blue, 840, 850. 
Ticketing (copper ores), 21. 
TUe copper, 11, 18, 86, 45. 
Tin and copper, 16. 

„ gold, 294. 

,, lead, 87. 
Tin in commercial lead, 73. 
Tin, separation of, in " selecting prooeM *' 
(copper), 46. 
„ separation of, in copper smelting, 48. 
Tin and zinc, 164. 
Tin-white cobalt. 341. 
Tipping for matches, 77. 
Tombac, 16, 164, 183. 
Torta,242. 
Touchstone, 288. 

Tough-cake copper, 12, 25, 40, 42. 
Tough-pitch copper, 11, 12, 25. 
Toughening of copper, 24, 40. 

„ rosette copper, 55. 

Treatment of aigentiferous cuprous pro- 
ducts, etc., with lead, 27L 
Treatment of argentiferous speise, 271. 
Tub employed in Angustin's process, 259. 
Tntenag, 885. 
Type metal, 86. 

Undebfoled copper, 16, 41, 42. 

Vats employed in Augustin's lixivatioD, 
259. 
in Augustin's lixiTaticm, 

arrangement of, 260. 
in Zierrogera prooesB, 
264. 
Verdigris, 10. 
VermilUon, 195. 

„ Dutch method of preparation, 

195. 
„ Chinese method of prepara- 
tion, 19& 
Vieille Mottajnie, 166, 172, 175. 
Vivian, Mr., process for separating nickel 

and cobalt in copper smelting, 47. 
Volatilization of zinc, 160, 166i 
Von Patera's wet method c^ eztraoting 

silver, 289, 257, 266. 
Von Patera's wet method of extracting 
silver, ores treated bv this process, 266. 
Von Patera's wet method of eztraoting 
silver, roasting of the ore for, 267. 

Wales, lead smelting in, 22, 95, 108. 
Washing and amalgamation of gold in 

the sluice, 800. 
Washing and amalgamation of gold, uae 

of amal g a m ated copper plate, 800. 
Washing, gold, 299, 800. 
Water, its action on lead, 72. 
Water gUding, 191. 
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Welding of lead, 72. 

„ lead and tin, 72, 
„ gold, 285. 
Welsh process of copper smeltiDg, 22, 95, 
108. 
of copper smelting, mix- 
ture at ores for, 23. 
of copper smeltiog, loss 
in, 70. 

Wet methods for the extraction of copper, 
22, 62; Birkmyre's, 64, 66; Escalle's, 64; 
Gossage's, 64; Hahner's, 64; Hender- 
son's, 64. 
Wet methods for the extraction of silver, 
289, 256; Augustin's, 257; Claudet's, 
270; Von Patera's, 266; Zierrogel's, 262. 
Wet methods of gold parting, 315. 
White-lead, 83. 

Dutch method of prepara- 
tion, 84. 
German method of prepara- 
tion, 85. 
„ impurities in, 85. 
White-metal, 24, 86. 
Willemite, 166. 
Wohler, jureparation of aluminium, 354. 

Xavtbooone, 238. 

Tbllow metal, or sheathing, 187. 

Zaffke, 349. 

Ziervugel's process for the extraction of 

silver, 239, 257, 262. 
Ziervogel's arraugement of apjMiratns, 
260, 264; arrangement of apparatus ut 
Swansea, 261 ; loss of silver in, 261, 265; 
deoumpoeitions during roasting, 263. 
Ziervogei and Augustin method oom- 

bine<1, 265. 
Zinc, 160. 

action of atmosphere upon, 160. 
alloys of, 183, 233. 
allojs with copper, 161. 183. 
, gold, 294, 295. 
, iron, 161. 

lead, 88, 162, 164. 
, mercury, 164. 
, nickel, 164. 
, silver, 133. 
tin, 164. 
amalgam, 164. 
applicationa of, 161. 



Zinc, arsenic and, 164. 

atomic weight of, 161. 

Belgian process for extracting, 172. 

carbonate of, 165. 

combustion of, 160, 162. 

commercial, 160, 161. 

desilverization of lead bv, 144, 152, 

154. 
English method of extracting, 167. 
exti-action of, 166, 172, 176, 179, 180. 
flowera of, 162. 
fume, 174, 180. 

„ treatment of, 180. 
furnaces, Belgian, 173. 
„ English, 168. 
„ Bilesian, 177. 
impurities in, 161. 
iron and, 161. 
lead and, 88, 162, 164. 
malleabUity of, 160. 
melting point of, 160. 
native, 163. .^^^ 
ores of, 165. 

„ occurrence of, 165. 
oxides of, 162. 
phosphorus and, 163. 
properties, 160. 
red oxide of, 162. 

reduction of metallic oxides by, 161. 
„ cai-bonio anhydride by, 
161. 
remelting of, 172, 175. 
rolling of, 160. 
separation of, from lead, 181. 
sheet, 181. 

Silesian method of extraction, 176. 
silicate, 165. 
specific gravity of, 160. 
sulphur and, 162, 168. 
symbol of, 161. 
volatiUty of, 160. 
white. 162. 163. 
Ziiicic oxide, 75. 160. 165. 

as a pigment, 162. 
reduction of by carbon or 
carbonic oxide, 161, 162. 
Zincic sulphide, 163, 165. 166. 

, . difficult to roast sweet, 163. 

„ decomposed by iron, 163. 
Zincic sulphate, 163. 
„ carbonate, 175. 
Zincite, 162, 165. 
Zinc-white, 162, 163. 
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19 Russia. 
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33 Ancient Greece. 
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THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 
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THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 
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1 Roman Empire, Eastern and Western, 

4th Century. 

2 Europe, 6th Century, shewing Settle- 

ments of the Barbarian Tribe& 
8 Europe, 9th Century, shewing Empire 

of Charlemagne. 
4 Europe, 10th Century, at the Rise of 

the German Empire. 

6 Europe, 12th Century, at the Time of 

the Crusaders. 
Europe, 16th Century, at the Eve of 
the Reformation. 

7 Germany, 16th Century, Reformation 

and Thirty Years' War. 



8 Europe, 17th and 18th Centuries. 

9 Europe at the Peace of 1815. 

10 Europe in 1870. 

11 India, illustrating the Rise of the 

British Empire. 

12 World, on Mercator*s Projection, 

shewing Voyages of Discovery. 

13 Britain under the Romans. 

14 Britain under the Saxons. 

15 Britain after Accession of William 

the Conqueror. 

16 France and Belgium, illustrating 

British History. 



CLASSICAL GEOGRAPHY. 

THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 15 
Maps, Imperial i6mo, 6} by 11 inches, cloth lettered, 

THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 15 Maps, 
mth Descriptive Letterpress, by Leonhard Schmitz, LL.D., Imperial 
26mo, cloth lettered, 
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Maps, Imperial Svo, with Descriptive Letterpress, by Leonhard 
Schmitz, LL.D., cloth lettered, 

1 Orbis Veteribus Notus. 

2 JSgyptus. 

3 R^um Alexandri Magni. 

4 Macedonia, Thracia, &c. 
6 Imperium Romanum. 

6 GrsBcia. 

7 Italia, (Beptentrionalis.) 

8 Italia, (Meridionalis.) 



9 Armenia, Mesopotamia, &c. 

10 Asia Minor. 

11 Palestine, (Temp. ChristL) 

12 Gallia. 

13 Hispania. 

14 Germania, &0. 
16 Britannia. 



Historical and Classical Atlas. 

THE STUDENT'S ATLAS OF HISTORICAL AND CLASSI- 
CAL GEOGRAPHY, consisting of 30 Maps as above, with Intro- 
ductions on Historical Geography by W. F. Collier, LL.D., and on 
Classical Geography by Leonhard Schmitz, LL.D., with a Copious 
Indexy Imperial 8vo, cloth, 



liondoxis Sdinburslu and Herriot Hill VTorks, Glasgow. 
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^'Uliam CoUina, Sons, A Co's Educational Works. 



COLLINS' SERIES OF SCHOOL ATUSES-GONTINUED. 



PHYSICAL GGOGRAPHT—Demy Series. 

THE PRIMARY ATLAS OF PHYSICAL GEOGRAPHY, x6 
Maps, Demy 4to^ 9 ^7 >< iacbei. Stiff Cover^ 

THE POCKET ATLAS OF PHYSICAL GEOGRAPHY, 1 6 Maps, 
on Guards, Demy Sro, doth, 



t. 

I 



d. 



1 Hemispheres. 

5 Physical Map of Earopo. 
8 Physical Map of Asia. 

4 Physical Map of Aftica. 

6 Physical Map of North Amerlciv 

6 Physical Map of South America. 

7 Pliysical Mapof the Britiah Isles. 

8 Maps of the World— abewing TempeiBr 

ture in March, April, May, Jane, 
Jtdy. and August 

9 Maps of the World— shewing the Mean 

Temperature in September, October, 
NoTember, December, January, and 
Febnuuy. 



10 Map of the World— shewing the Con- 

slant, Feifodical, and Vaxiabla 
Winds, Ac 

11 Map of the World— shewing the Dis- 

tribution of Bain, Ac 

12 Map of the World— illustrating Earth- 

quakes. Ac. 
18 Map of the World— shewing the 
Ocean Currents, Ac 

14 Map of the World— shewing the Di»- 

mbution of Birds and Fishes. 

15 Map of the World— shewing Distri- 

bution of Quadrupeds, Ac 
10 Map of the World— shewing Distri- 
bution of Rauts^ Ac. 



3 6 



PHYSICAL GEOGRAPHY— Imperial Series. 

THE PORTABLE ATLAS OF PHYSICAL GEOGRAPHY, 20 
Maps, II by 13 inches, mounted on Guards, Imp. 8vo, cloth, 

THE STUDENT'S ATLAS OF PHYSICAL GEOGRAPHY, 20 
Maps, mounted on Guards. With Letterpress Description and Wood 
Engravings. By James Biyce, LL.D., F.R.G.S. Imp. 8vo, d., 50 

12 Map of the World— shewing the Dis- 
tribution of Constant, Periodical, 
and Variable Winds; Limits <tf 



1 Hemispheres— shewing proportions of 

Land and Water, with Length of 
Rivers and Heights ofMountalns.Ac 

2 Piiyslcal Map of Europe— shewing 

Mountains and Rivers, High and 
Low Lands. 

3 Physical Map of Asia— shewing as 

above. 

4 Physical Map of AfHca— shewing as 

above. 
6 Physical Map of North America— 
rtiewing as above. 

6 Physical Map of South America- 

shewing as at>ove. 

7 Physical Map of the British Isles- 

shewing as above. 

8 Various ttections across theConttnents. 

9 Various Sections in the Oceans; Dia- 

gram of Suez Canal, Ac 

10 Maps of the World— shewing the Mean 

Temperature of the Air— March to 
August 

11 Maps of the World- shewing the 

Mean TempjBrature of the Air— Sep- 
tember to February. 



Trade Winds, Ac 

18 Map of the World— shewing the pro- 
portionate distribution of Aain, Ac 

14 Mapof the World— lllnstrating Eat th- 
quakea and the disUibuUuii of Vol- 
canoes. 

16 Map of the World— shewing the 
Ocean Currents and Basins, and 
principal River Systtruis 

16 Map of the V/orld — shewing the 

Oeographiijal Distribution of Birds 
and Fishes. 

17 Mapof theWorid—shewingGeographi- 

cal Distribution of Quadrupeds and 
Reptiles. 

18 Map of the World— shewing the Geo- 

graphical Distribution of Plants. 

19 Map of the World— shewing the Dis- 

tribution of Mankind according to 
Races. 

20 Geological Map of the British Isles. 



Iiondon, Edinburgh, and Herriot Hill "Works, Glasgow 
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William Oollins, Sons, & Co's Educational Works- 



COLLINS' SEBIES OF SCHOOL ATLiSES— Continued. 



SCRIPTURE GEOGRAPHY. 

THE ATLAS OF SCRIPTURE GEOGRAPHY, i6 Maps, with 
Questions on each Map, Stiff Cover, 

THE POCKET ATLAS OF SCRIPTURE GEOGRAPHY, i6 
Maps, 7i by 9 inches, mounted on Guards, Imp. i6mo, cloth, ... 

1 Ancient World, shewing probable Set- 9 Modem Palestine 

tlements of Descendants of Noah. 

2 Countries mentioned in the Scriptures. 

3 Canaan in the time of tlie Patiiaichs. 

4 Joumeyings of the Israelites. 

5 Canaan as Divided among the Twelve 

Tribes. 

6 The Dominions of David and Solomon. 

7 Babylonia, Assyria. Media, and Susiana. 

8 Palestine in the Time of Christ 



s. 
I 



J. 



10 Physical Map of Palestine. 

11 Journeys of the Apostle I^nl. 

12 Map shewiDg the prevailing Religions 
of the World 

13 The Tabernacle in the Wilderness. 

14 Plans of Solomon's and Herod's Tem- 
ples. 

15 Plan of Ancient Jerusalem. 

16 Plan of Modern Jerusalem. 



BLANK PROJECTIONS AND OUTX-INES. 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Demy 4to, on Stout Drawing Paper, Stiff Wrapper, ... o 6 
THE CROWN OUTLINE ATLAS, 16 Maps, Demy 410, Stout 

Drawing Paper, Stiff Wrapper, o 6 

THE IMPERIAL ATLAS OF BLANK PROJECTIONS, consisting 

of 16 Maps, Imperial 4to, on Stout Drawing Paper, Stiff Wrapper, i 6 
THE IMPERIAL OUTLINE ATLAS, 16 Maps, Imperial 4to, Stout 

Drawing Paper, Stiff Cover, i 6 

wf Specimen Map of any of the foregoing Atlauifree on receipt of two Penny Stamps. 

SCHOOL-ROOM VTALL MAPS. 

Printed in Co/ours, and Mounted on doth and Rollers^ Garnished, 

CHART OF THE WORLD, 5 ft. 2 in. by 4 ft. 6 in., 20 o 

CENTRAL AND SOUTHERN EUROPE, 5 ft. 2 in. by 4 ft. 6 in., 20 o 
EUROPE, ASIA, AFRICA, NORTH AMERICA, SOUTH 
AMERICA, ENGLAND, SCOTLAND, IRELAND, PALES- 
TINE, INDIA, each 3 ft. by a ft. 5 in., 6 6 

UNITED STATES OF AMERICA, 3 ft. 11 inches by 2 ft. 4 in., 8 6 

COUNTY VTALL MAPS. 

Printed in Colours, and Mounted on Cloth and Rollers^ Varnished. 

MIDDLESEX, LANCASHIRE, YORKSHIRE, WARWICK, 

DURHAM, CUMBERLAND, DERBYSHIRE, DORSET, 

GLOUCESTER, HAMPSHIRE, SOMERSET, STAFFORD, 

AND WILTS J each 54 in. by 48 in., ... 9 p 



CHART OF METRIC SYSTEM. 

CHART OF THE METRIC SYSTEM OF WEIGHTS AND 
MEASURES. Size 45 in. by 42 in., price, on Rollers, ... 9 



London, Edinburgh, and Herriot Hill "Works, Glasgow. 



Jud PvhU$hed, PoU 8vo, Cloth, tie pp., Price f& 6d, * 

ELEMENTS OF EUCLID, 



ADAPTED TO 



MODERN METHODS IN GEOMETRY, 

BY 

JAMES BRYCE, M.A., LL.D., 

AND 

DAVID MUNN, F.RS.K 



NOTICES OF THIS PRESS. 

"Enolid htm been edited with a threefold object of fadlitating 
and indndng the stady of Geometry, of rendering it more snggestive 
than it is nsnally made, and of introducing sndi improYemente as 
should tend to remoYO the objections of the modem school of ceo- 
metricians. The editors haYe been, in the main, snccessfoL The 
improYements to which they call attention are worthy of much 
praise. We notice a Yery neat proof of Euclid L 24^ which, in the 
ori^nal, is a pretty ezamide of pe^Uo prinemii, and a warning to 
t^TOs; the theorems relating to rectan^des haYe nndeigone great 
smiplifications ; the Third and the Sixth Books have been made 
oonYenientlY short without any omission of the theorems in former 
editions ; the Fifth Book is treated algebraically, and, as will be 
readily belieYed by those who haYe read Mr. Munn's admirable 
Theory of Arithmetic, in a Yery lucid manner. There are some 
good examples of geometrical analysis, explanatory appendices of 
great Yslue to the oeginner, and numerous exercises for the more 
advanced pupiL'' — Examiner, 

"It would take more space than we haYe at command to state all 
the changes which the compilers haYe made in Euclid's Elements. 
Generally speaking, the broad lines which Euclid has laid down 
they follow ; but not With a blind or slavish obedience. Proposition 
is compared with proposition ; one proposition where it has relation 
to another is quoted, and the relationship p|ointed out. What we 
can say for this work is this, that pupils learning Geometiy &om this 
text-book would have a more intelligent knowledge of the subject, 
and yet would be able to quote propositions in the same order, and 
proon given in substantially the same way (stripped of circumlocu- 
tion and verbiage) as if they had studied trom the edition of Potts or 
Simpson." — Naiional Schoolmaster. 

LONDON AND GLASGOW: 
WILLIAM COLLINS, SONS, 4 COMPANY. 
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William Collins, Sons, A Co.'s Educational Works. 

COLLINS' SERIES OF FIRST-GUSS SCHOOL ATL&SE8, 

C^rtfuUy Constructed and Engraved Jrom tke best and latest Author'jtiei, and 
Beautifully Printed in Colours, on Superfine Cream Wuve Paper. 



MODERN GKOGRAPHY— Crown Series. 

My FIRST ATLAS, consisting of 12 Maps, 9 inches by 7^ inches, 
folded 8vo, in Neat Wnpper, ... 

1 The Hemispherea 7 England and Walca 

2 Europe. 8 Scotland. 
8 Asia. 9 Ireland. 

4 Africa. 

5 Nuith America 

6 South America. 

THE PRIMARY ATLAS, consisting of 16 Maps, 9 inches by 7^ 
inches, 4to, StifF Wrapper, ... ... ... ... ... ..• 

1 The Hemiapherea 

2 Europe. 
8 Asia 

4 AfViea 

5 North Amerlci. 

6 South America. 

7 England and Walea 

8 Scotland. 

THE POCKET ATLAS, consisting of 16 Maps, folded in Svo, and 
mounted on Guards, cloth lettered, 

THE JUNIOR, OR YOUNG CHILD'S ATLAS, consisting of 16 
Maps, 4to, with 16 pp. of Questions on the Maps^ jn Neat Wrapper, 

THE SCHOOL BOARD ATLAS, consisting oi 24 Maps, Crown 
4to, cloth limp, ... ... ... ... ... ... .,. 

THE PROGRESSIVE ATLAS, consisting oi 32 Maps, 9 inches by 
79 inches, 4to, cloth lettered, ... 
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10 Central Enropa 

11 Anstralia 

12 Palestine. 



9 Ireland. 

10 Central Enropa 

11 India 

12 Canada 

13 United Statea 

14 Australia. 

15 New Zealand. 
10 Paleatina 



1 The Hemispheres. 

2 The World, (Mercator's Projection ) 
8 Europa 

4 Asia 

5 Africa 

6 North* America 

7 South America. 

8 England and Wales. 

9 Scotland. 

10 Ireland. 

11 France. 

12 Holland and Belgium. 

13 Switzerland. 

14 Spain and PortngaL 

15 Italy. 



17 German Empire. 

18 Austria. 

19 Russia in Europe. 

20 Turkey in Europe, and Greeea 

21 India. 

22 Persia, Afghanistan, and Beloocfais- 

23 Turkey in Asia. ftaa 

24 Chinese Empire and Japan. 

25 Arabia Egypt, and Nubia 

26 Paleatina 

27 Dominion of Canada 

28 United Statea 

29 West Indiea 

30 Australia. 

31 New South Wales, Victoria, and 
82 New Zealand. [South Australia 



-\ 



16 Sweden, Norway, and Denmark. I 
THE CROWN Al'LAS, consisting of 32 Maps, on Guards, with 
Index, Svo, cloth lettered, 2 

THE NATI6NAL ATLAS, consisting of 32 Maps, 4to, with a 
Copious Index, cloth lettered, 2 



London, Edinburgh, and Herriot Hill "Works, Glasgow. 



Vtrilliam Collins, Sons, & Oo-'a Educational "Works. 

COLLINS' SERIES OF SCHOOL ATLASES-CONTINUED. 




MODERN GEOGRAPHY— Imperial Series. 

THE SELECTED ATLAS, consisting of i6 Maps, Imperial 4to, ii 
by 13 inches, StifF Cover, ., 



i 



6 



1 The Hemispheres. 

2 Europe. 
8 Asia. 

4 Africa. 

6 North America. 

6 South America. 

7 England and Wales. 

8 Scotland. 



9 Ireland. 

10 Southern and Central Europe. 

11 India. 

12 Canada. 

13 United States. 

14 Australia. 

15 New Zealand. 

16 Palestine. 



THE PORTABLE ATLAS, consisting of 16 Maps, folded Imperial 
8vo, cloth lettered, ... ... ... ... ... 

THE ADVANCED ATLAS, consisting offsz Maps, Imperial 4to, 
cloth lettered, ... ,,. ... ... ... ... ... 



z o 
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1 Eastern and Western Hemispheres. 

2 The World, (Mercator's Projection.) 
8 Europe. 

4 Asia. 
6 Africa. 

6 North America. 

7 South America. 

8 England and Wales. 

9 Scotland. 

10 Ireland. 

11 France. 

12 Holland and Belgium. 

13 Switzerland. 

14 Spain and Portugal 

15 Italy. [the Baltic 

16 Sweden and Norway, Denmark and 



17 German Empire. 

18 Austria. 

19 Russia. 

20 Turkey in Europe, and Greece. 

21 India. 

22 Persia, Afghanistan, and Beloocliis- 

23 Turkey in Asia. [tan. 

24 Chinese Empire, and JajMUi. 

25 Arabia, Egypt, Nuhia, and Abys- 

26 Palestine. [sinia. 

27 Dominion of Canada. 

28 United States. 

29 West Indies and Central America. 
80 Australia. 

31 Victoria, New South Wales, and 

32 New Zealand. {South Australia. 



THE ACADEMIC ATLAS, consisting of 32 Maps, Imperial 410, 
with a Copious Index, cloth lettered, 



THE STUDENT'S ATLAS, consisting of 32 Maps, and 6 Ancient 
Maps, with a Copious Index, Imperial 8vo, cloth lettered, 

83 Ancient Greece. 

84 Ancient Roman Empire. 

85 Britain under the Romans. 

86 Britain under the Saxons. 



37 Historical Map of the British Is- 
lands from A.D. 1066. 

88 Fi-ance and Belgium, illustrating 
British History. 



THE COLLEGIATE ATLAS, consisting of 32 Modern, 16 Jlistorical, 
and 2 Ancient Maps, mounted on Guards, with a Copioas Index, 
Imperial 8vo, cloth lettered, 7 6 

THE INTERNATIONAL ATLAS, consisting of 32 Modern, 16 
Historical, and 14 Maps of Classical Geography, with Descriptive 
Letterpress on Historical Geography by W. F. Collier, LL.D. $ and 
on Classical Geog raphy by L. Schmitz, LL.D., wit h Copious Indices, 
Imperial 8vo, rlnr^ i ^JST'Tn't^*'^— ™* i" - 10 



liondon, E 




orks, Glasgow. 



